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Chapter-1 
INTRODUCTION 
Legumes play a very important role in our daily life. These crops having 
20% to 40% protein which may be nearly three times to that of cereals, are 
claimed to be indispensable in tropical and sub-tropical regions of the v^ o^rld, 
including India in particular, where majority of the population by belief are 
vegetarian and obtains most of their protein from the pulses. These crops are also 
rich source of fodder for cattle and are used as green manure also (Kaul and 
Shekhon, 1974). Moreover, they also furnish non-polluting nitrogen to soil 
through symbiotic N2 - fixation. 
Due to increasing population and introduction of various cash crops in the 
recent past, the need for increased production of legumes has been ignored. 
Therefore, neither the genetic stock nor the agronomic practices for their 
cultivation could be improved. Consequently, the cumulative yield in India is very 
low as these are mostly grown either in un-irrigated areas or without applying the 
desired nutrients. This has resulted in wide-spread protein malnutrition in the 
country. The situation therefore, urgently demands farm scientists to enhance the 
per capita productivity of legume. Therefore, integrated nutrient management 
through the judicious use of fly ash, waste water, and inorganic fertilizers in 
proportionate manner may enrich soil and in turn may be available to the plants so 
that the productivity can be increased. 
Among the three resources, fly ash and other fine particles of inorganic 
residue from coal burning power plants have created a serious environmental 
problem. The composition of fly ash is highly variable and commonly consists of 
oxides of Si, Al, Fe and Ca and of such elements as Na, P, K and S (Lau and 
Wong, 2000). It contains most of the essential plant nutrients except nitrogen in 
appreciable amounts, therefore, it may have stimulatory effect on plant growth in 
addition to its role in the improvement of the soil texture (Khan and Bhardwaj, 
2002). The responses determined so far ranges from beneficial effects of small 
concentration of nutrients at low levels of fly ash content in the soil to toxic effect 
at high concentrations. Therefore, the utilization of fly ash in agriculture would 
not only be a solution to the problem of its disposal but would also decrease the 
use of chemical non-nitrogenous fertilizers. Currently, the fly ash is being put to a 
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variety of uses such as manufacture of bricks, cement and concrete, but these 
products are yet to gain currency among the masses, largely because of 
apprehensions about their strength and durability. It is being used also for road 
building and land filling. It emerges from various studies that the ideas of using 
fly ash as fertilizer, though unconventional method is not wholly impractical. 
Further research may find ways to minimize the harmfiil effects of fly ash on 
plants and soil. 
The management of fertilizer is also very important as it greatly affects the 
growth, development and yield of various crops including moongbean although 
many farmers grow it without applying any chemical fertilizer. Being a legume 
crop, it requires less nitrogen but phosphorus and potassium are very vital 
nutrients to get its high yield. Moreover different cultivars of moongbean have 
different potential and also varying response to different fertilizer levels. Pulses 
although fix nitrogen fi-om the atmosphere but starter dose is always needed as it 
enhances the uptake of other nutrients by promoting the root growth and 
nodulation. Among the three major nutrients, phosphorus was found essential for 
many processes that occur in the growing plants such as photosynthesis, 
respiration, energy storage and cell division. When the supply of phosphorus is 
adequate, it can also strengthen the root growth and disease resistance in addition 
to improvement in crop quality. It is helpful in hastening plant maturity while 
potassium fertilizer mitigates the impact of water stress in plants. It increases 
shoot growth of moongbean to a greater extent. The plant water relations and 
photosynthetic rates of moongbean improve to a greater extent by potassium 
under suboptimal soil moisture. The application of potassium fertilizer can be 
considered a significant factor in overcoming soil moisture stress grown in 
tropical cropping systems. Fertilizer application, therefore, is one of the major 
factors controlling crop yield and quality. However, net house and field studies 
have revealed that indiscriminative use of fertilizers may prove uneconomical or 
sometimes even harmfiil for plant as well as for environment. This has compelled 
the Indian farmers to switch-over to other sources of nutrients. 
Increasing prices of commercial fertilizers as well as problems connected 
with waste water and sludge disposal have made waste water increasingly 
attractive for agriculture. The fanners of modem India are therefore opting for 
greater use of waste water as this could adequately meet the twin objectives of 
nutrition and irrigation. However, the usefulness of waste water is limited by its 
excessive content of certain heavy metals. In some field experiments, it was 
shovm that such irrigation has twin effects, i.e., promotion of growth accompanied 
by the deleterious effect of heavy metal accumulation in edible plant parts. 
Compared with the untreated waste waters, the treated waste water seems to have 
less deleterious effect. Thus, the waste water should be either well treated or 
sufficiently diluted and only after this should be used for irrigation. 
Keeping in view, the beneficial use of fly ash, fertilizers and waste water 
in enhancing crop productivity so as to achieve self sufficiency in legumes 
production, it was decided to study the feasibility of the three nutrient resources 
like fly ash, fertilizers and waste water together to observe their cumulative effect 
with the following objectives; 
1. To study and compare the effect of sewage water and ground water on Vigna 
radiata under three levels of basal N along with fly ash. 
2. To study and compare the effect of sewage water and ground water on Vigna 
radiata under three levels of basal P along with fly ash. 

Chapter-2 
REVIEW OF LITERATURE 
2.1 Effect of fly ash on crop plants 
Burning of coal releases oxides of carbon, sulphur, nitrogen and particulate 
matter (Hesketh, 1973). Bituminous or sub bituminous coal used in India contains 
25-40% ash, leading to formation of about 60 million tons of fly ash annually. It is 
greyish powdery waste and its ecofriendly disposal and gainful utilization is one 
of the most serious issues the environmentalists and planners face today. In India, 
around 4000 hectare precious land is needed annually to dispose off fly ash. (Lai, 
1994). 
Recently, fly ash is used as non-conventional fertilizer in agricultural 
fields for the improvement of plant growth and yield because it contains most of 
the essential plant nutrients except nitrogen in appreciable amount (Adriano, et al, 
1980; Mishra and Shukla, 1986). Chemically, the composition of fly ash varies 
according to the quality and the combustion technology of the coal. On an 
average, 95 to 99% of fly ash consists of oxides of Si, Al, Fe and Ca and about 0.5 
to 3.5% Na, P, K and S and the remainder is composed of trace elements. In fact, 
fly ash contains practically all the elements essential for plant growth except 
organic carbon and nitrogen (Zacharia, et al, 1969; Negi and Meenakshi, 1991). 
A large number of minerals such as AI2O3, Fe203, CaO, MgO, K2O, P2O5, Sn02 
and traces of Ni, Be, V, Hg, Se and Mn may occur in fly ash. 
Tripathy and Sahu (1997) at Berhampur studied the effect of coal fly ash 
on growth and yield of wheat. They reported that 50% fly ash applied to soil 
increased seedling height, plant height, leaf number, leaf area, spike length and 
dry weight. The soil application of fly ash not only has the potential for improving 
the production but also for solving of the fly ash disposal problem. 
Sarangi et al. (2000) from Orissa reported the soil biochemical activity and 
growth response of rice {Oryza sativa) in fly ash amended soil. Generally, pH and 
organic carbon (OC) content did not increase significantly in fly ash amended soil, 
but significant increases in soil conductivity, available phosphorus and organic 
matter were observed during harvest at the 20 t ha'' fly ash application rate. 
Amylase, invertase, dehydrogenase, protease activities and CO2 evolution 
increased in fly ash amended soil over the control. The pigment (chl a, chl b and 
carotenoid) content in rice plants did not vary significantly between different fly 
ash amendments. Total plant biomass and above ground biomass increased 
significantly (17% and 25%, respectively) at the 20 t ha"' fly ash application. 
Grain and straw yield increased by 21% and 18% respectively, at 17.5 t ha"' fly 
ash amendment when compared to the control. 
Veeral et al. (2003) at Annamalainagar studied the direct and residual 
effects of lignite fly ash and humic acid on rice-blackgram cropping system. 
Lignite fly ash @ 101 ha"* with farmyard manure (FYM) @ 12.5 t ha"' and humic 
acid (HA) @ 30 kg ha"' exerted a remarkable influence on all the yield attributes, 
ultimately leading to increased rice yield of 35% over control. In respect of 
residual crop blackgram, the above treatment showed distinct influence on both 
grain and yields. 
Reddy et al. (2007) at Hyderabad studied the effect of fly ash and 
farmyard manure on rice yield and soil enzyme activities. The grain and straw 
yield was significantly increased with fly ash, FYM and their interactions. 
Application of fly ash @ 15 t ha"' along with FYM @ 10 t ha"' has resulted in 
highest urease, dehydrogenase and cellular activity. The acid and alkaline 
phosphates activity was not influenced by fly ash levels at all the stages. It was 
significantly influenced by FYM application and their interactions. 
Gupta and Sinha (2008) at Lucknow studied the growth and metal 
accumulation response of Vigna radiata L. var PDM 54 grown on fly ash -
amended soil. They reported that plants grown in soil amended with 10% and 25% 
of fly ash have increased total metal content with increasing fly ash. 
Accumulation of metals by the plants increased with increasing fly ash 
amendment and was greater in shoots than in roots except for Mn, Cu and in seeds 
except Mn. Metal accumulation in the different parts of Vigna radiata showed that 
physico-chemical properties such as cation exchange capacity, organic carbon and 
organic matter had significant positive effects on accumulation of Cd, Co, Ni and 
Pb by the plant, whereas EC had a significant negative effect. Addition of fly ash 
@ 10% initially increased the rate of growth while toxic symptoms were observed 
@ 25% fly ash. 
Kumarimanimuthu (2008) at Annamalainagar studied the effect of graded 
levels of lignite fly ash on nodulation pattem of blackgram cv ADT-3. The study 
revealed the highest effective nodules in lignite fly ash @ 10 t ha"' along with 
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FYM application and it was followed by LFA @ 15 t ha"' + FYM @ 12 t ha ' . The 
least effective nodules were recorded in control. Higher dosage of lignite fly ash 
alone inhibited the nodulation behaviour of blackgram. 
Pandey et al. (2009) at Lucknow studied the Indian perspective of utilizing 
fly ash in phytoremediation, phytomanagement and biomass production. Fly ash 
disposal is a major environmental issue. To overcome this, fly ash dumping sites 
have been started as a potential resource for biomass production of tree species. 
Phyto-remediation is a strategy that uses plants to degrade, stabilize and remove 
contaminants from soils, water and waste fly ash. Phytomanagement of fly ash is 
based on the plants root systems, high biomass, woody nature, native nature and 
resistance to pH, salinity and toxic metals. 
Neuschutz et al. (2010) at Stockholm, Sweden studied that fly ash can be 
used as sealing material on mine waste disposal sites. Their aim was to determine 
the penetration resistance necessary to prevent root penetration of ash sealing 
layers, and investigates whether plants can affect the layer strength and analysed 
the root penetration, pH, EC and penetration resistance of layers on which 
Phalaris arundinacea, Salix myrsinifolia, Epilobium angustifolium, and Pinus 
sylvestris had been growing for 4-8 months in a greenhouse. Fly ashes obtained 
from the incineration of biofuel or municipal solid wastes were used. A 
penetration resistance of-1.5 MPa generally prevented root penetration, but roots 
of P. arundinacea could grow into the surface of layers with ~5 MPa penetration 
resistance. They examined the loosening ability of agents found in root exudates 
and the mineralogy of rhizosphere ash. The roots increased the weathering of the 
ash, including dissolution of secondary calcium minerals, possibly related to 
saccharide exudation. 
2.2 Effect of waste water on crop plants 
Water pollution is one of the serious problems confronting us today as it is 
reaching to a serious level due to rapid growth in industrialization and 
urbanization in addition to human population and deforestation. Water wastes are 
not only increasing in volume, but also their characteristics are becoming 
increasingly complex. The irrigation of aerable lands with such wastes after 
treatment is one of the principle methods to prevent waste water from being an 
environmental hazard since it has been found in number of trials at various places 
in India as well as outside that the waste water can serve as an additional potential 
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source of nutrients and irrigation water. Use of effluent for irrigation would not 
only solve the disposal problem but also supply nutrients to plants because N, P, 
S, Mn, Mg, Cu, Zn, Fe, Ca, K are present in various amounts. These elements give 
an additional source of liquid fertilizer in dilute form (Ajmal and Khan, 1984; 
Sahai and Srivastva, 1986). 
In India, waste water irrigation has been predominant mode of waste water 
disposal. Mention may be made of Jabeen and Saxena (1990) who at Gorakhpur 
studied the effect of Sarya distillery and Gorakhpur fertilizer factory effluent on 
the behaviour of pea (Pisum sativum). They found that concentrations of 5% and 
2.5% respectively from both the factories were favourable. They observed 
increase in dry matter, pigment and protein content and concluded that the two 
waste waters may be an additional source of nutrients if used for irrigation after 
proper dilution. 
Trivedy and Kirpekar (1991) at Karad observed the impact of dairy waste 
irrigation on growth and mineral composition of Glycine max and Phaseolus 
mungo. Results showed that 75 to 100% concentration come imder moderate to 
high salinity class. They also observed increase in ash, calcium, nitrogen and 
phosphorus content in both the crops. Phosphorus content of Glycine max 
increased in 5,10, and 25% waste water but declined in 100%. 
Somashekhar et al. (1992) at Bangalore observed the effect of distillery 
effluent on germination and growth of Vigna sinensis and Trigonella foenum. The 
concentration of effluent had a direct bearing on the rate and percentage of 
germination, however biomass showed decreasing tendency with the increase in 
effluent concentration. 
While studying the effect of treated Mathura oil refinery waste water on 
nitrate reductase activity of green gram var. T-44 and K-851, Aziz et al. (1993) at 
Aligarh reported that waste water stimulated NR activity. It was increased from 
15-25 DAS and then decreased. The activity was much stimulated in var. T-44 as 
compared to K-851. At the same place, Inam et al. (1993) studied seedling 
emergence in three varieties of triticale and one of wheat. They didn't report any 
adverse effect on seedling emergence, however among the cultivars, wheat HD-
2204 showed maximum percentage and triticale cv. Delfin performed better 
followed by TL-419 and Driera. Siddiqui et al. (1994) observed the response of 
Vigna radiata under the same effluent and reported an adverse effect on shoot 
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length, root length, leaf number, fresh weight, dry weight, seed number, 1000 seed 
weight and seed yield. 
Goyal et al. (1995) at Kalyani studied the effect of distillery waste water 
application on soil microbiological properties and plant growth. Its application to 
a field soil at rates equivalent to 40, 80 and 160 m super (3) ha"' of irrigation led 
to increase in soil microbial biomass and dehydrogenase activity. Distillery waste 
water upto 160 m super (3) ha"* led to increase in dry matter production and N and 
P uptake. However, at 640 m super (3) ha"' application rate and dry matter 
declined drastically. The electrical conductivity of the soil increased to about three 
folds by application of distillery waste water equivalent to 320 m super (3) ha"' 
irrigation. 
Chidaunbalam et al. (1996) at Tuticorin studied the effect of chemical 
industry waste water on germination, growth and some biochemical parameters of 
Vigna radiata L- Wilczek and Vigna mungo L. Heppter. They observed that the 
diluted effluent (10% v/v) was found to be effective in promoting germination, 
growth, chlorophyll and protein content. The study suggested that this effluent 
may be used for irrigation after suitable dilution. 
Aziz et al. (1998) studied the effect of five levels of irrigation on different 
parameters of triticale and reported that treated effluent had more nutrients 
available as compared to ground water. There was a linear increase in all the 
parameters studied with increase in the frequency of irrigation. Three irrigations 
with waste water proved superior over four irrigation with ground water. Contrary 
to growth and yield lower protein and carbohydrate contents were observed by 
them in waste water. They further conducted field experiments to evaluate the 
impact of waste water on physicochemical properties of soil, growth, yield and 
quality of Zea mays and Brassica juncea during the year 1999. Waste water 
increased the growth and yield of both crops. Hayat et al. (2000) also at Aligarh 
studied the effect of the same water on growth and yield of Brassica juncea. 
During their observations, waste water had higher quantities of nutrients including 
the heavy metals. Crop grown under this water showed better response as 
compared to ground water. Among the various varieties Varuna proved best, 
however they didn't report any adverse effect on physicochemical properties of 
soil. 
Sundari and Kanakarani (2001) at Kodaikanal assessed the impact of pulp 
unit wastewater. The analysis showed that the partially treated effluent had 
adversely affected the soil fertility and crop production. Similarly earlier at 
Florida (USA) Walsh et al. (1991) exposed vascular wetland plants to effluents 
discharged from a pulp mill in addition to coke plant and wastewater treatment 
plant. There was no effect of effluent on germination but growth rates were 
reduced significantly in most cases. 
Hayat et al. (2002) further studied the effect of long-term application of 
Mathura oil refinery waste water on soil health with special reference to micro-
biological characteristics. It was noted that the heavy metal content in the soil, 
repeatedly irrigated with treated waste water was increasing because the waste 
water itself was a better source of these metals than ground water. The 
quantitative analysis of various functional groups of micro-organism and their 
interaction with metals revealed that the viable count of aerobic heterotrophs, a 
symbiotic nitrogen fixers, actinomycetes and fungi were in the ranges of 2.6X10 -^
7.2 X 10^ 5.0 X lO'^ -e.g X 10^ 2.0 x 10''-2.8 x 10^  and 2.5 xl0'*-7.5x 10^  
respectively. The presence of Rhizobium species in the soil was shown by the 
nodulation in the leguminous crops cultivated in the experimental field. The 
significant viable counts of above functional groups of bacteria on each heavy 
metal supplwnented plate indicated that these populations could tolerate high 
levels (200 |ig ml"') of metal. The strains of Rhizobium isolated showed a higher 
degree of resistance in vitro conditions along with nitrogen fixers and aerobic 
heterotrophs. 
Lai and Mishra (2003) at Kanpur studied the synthetic detergent induced 
changes in the seed imbibition pattern and dehydrogenase activity in moongbean 
(Vigna radiata). They observed that seeds failed to germinate above 0.1% (w/v) 
detergent level. The water imbibitions in seeds were accelerated by 0.025% 
detergent over control whereas other detergent concentrations retarded it. The 
dehydrogenase activity showed reduction with increase in detergent concentration 
and was significantly lower at 0.15% and above levels leading to failure of 
germination. They again in 2003 studied the effect of synthetic detergent on 
germination parameters, seedling growth and photosynthetic pigments in 
moongbean {Vigna radiata) seedlings. The seeds failed to germinate at detergent 
levels beyond 0.1%. The presence of detergent did not affect germination 
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percentage and emergence percentage upto 0.5% but showed marked decrease in 
emergence rate and vigour index. 
Kannan and Upreti (2007) at Lucknow studied the influence of distillery 
effluent on germination and growth of moongbean (Vigna radiata) seeds. The 
seeds were presoaked for 6 h and 30 h, respectively in different concentrations (5-
20%, v/v) of each effluent i.e., untreated distillery effluent, discharged from a 
distillery unit (based on fermentation of alcohol from sugarcane molasses), and 
the post-treatment effluent from the outlet of conventional anaerobic treatment 
plant. Germination, growth characters and seedling membrane enzymes and 
constituents were investigated. Results revealed that the leaching of carbohydrates 
and proteins (solute efflux) were much higher in case of untreated effluent and 
were also dependent to the presoaking time. Other germination characters 
including percentage of germination, speed of germination index, vigour index 
and length of root and embryonic axis revealed significant concentration-
dependent decline in untreated effluent. Evaluation of seedlings membrane 
transport enzymes and structural constituents following 6 h presoaking of seeds 
revealed concentration-dependent decline, which were much less in treated 
effluent as compared to the untreated effluent. 
Sinha et al. (2008) also at Lucknow studied the comparative growth 
response of two varieties of Vigna radiata grown on different tannery sludge 
applications: effects of treated waste water and ground water used for irrigation. 
The biomass of the plant increased when irrigated with treated tannery waste 
water compared to ground water, whereas no significant change was observed in 
chlorophyll and protein contents. In both the varieties of Vigna radiata, the 
growth parameters exhibited a pronounced positive response upto 35% tannery 
sludge amendments compared with the plants grown on garden soil. Higher 
amendments affected various growth parameters, NR activity and carbohydrate 
content of the plants. The results suggest that the plants of Vigna radiata may be 
grown on contaminated soil or lower sludge amendments and irrigated with 
ground water. The results showed that plant growth patterns were influenced to 
some extent by the level of soil contamination and the water used for irrigation. 
Dhankar et al. (2009) at Rohtak, Haryana collected the effluent from the 
Panipat oil refinery and analyzed for different physico-chemical properties. The 
systematic investigations were carried out to evaluate the effect of refinery 
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effluent on soil fertility by assessing its impact on various soil physico-chemical 
and biological properties temporally using pot culture experiments. Different 
concentrations of effluent viz. control, 25%, 50%, 75%, and 100% were used for 
the study. It was observed that application of effluent significantly increased pH, 
EC, TS, TDS, Ca^ ,^ Mg^^, alkalinity, CI', S04^', Fe, P, Na, K, heavy metals, soil 
dehydrogen£ise activity and organic content of soil during all intervals of time 
except bulk density and specific gravity. On the basis of the study they suggested 
that use of treated oil refinery effluent has no adverse effects on physico-chemical 
properties of soil and can also be used as an alternate source for irrigating crops as 
it increased the nutrient content of the soil which is essential for the proper growth 
and maintenance of crop plants. 
Singh et al. (2009) at Lucknow studied the effects of inoculation of four 
chromate tolerant rhizobacterial strains previously isolated from rhizosphere of 
plants from chromium contaminated area in moong plant Vigna radiata grown on 
tannery sludge amended soil. An increase of 138%, 88%, 256% and 54.14% in 
root length, shoot length, biomass and total chlorophyll, respectively was 
observed after 60 days of treatments by consortium. Similarly, a significant 
enhancement in Fe, Mn, Zn, Ni, Pb, Cr, Cu and Cd accumulation was observed in 
consortium inoculated plants as compared to non-inoculated plants. Results 
showed that rhizobacterial strain helped in ameliorating metal induced 
phytotoxicity, acquiring higher biomass and metal uptake in the plant which may 
be useful in decontamination of metal from polluted soil. 
2.3 Effect of NPK on crop plants 
Moongbean is generally grown on marginal lands of poor fertility and low 
moisture status and under poor management conditions. In other words, due to the 
competition with high yielding variety of cereals such as rice and wheat in terms 
of production and economic returns. That is why, the acreage and production of 
moongbean are decreasing day by day. Under this situation, proper nutrient 
management and use of new varieties may be practiced. 
Balasubramaniyan et al. (1993) at Coimbatore studied the effect of organic 
and inorganic N fertilization on nutrient uptake and yield of lowland rice. They 
observed that grain yield was increased by green manures in 2 of the 3 growing 
seasons and by applied N in each growing season. Plant uptake of N, P and K was 
generally increased by green manures and N fertilizer application. 
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Sankhyan et al. (2001) at Palampur applied phosphorus, mulch £ind 
farmyard manure and studied soil moisture and productivity of maize in mid hills 
of Himachal Pradesh. A significant increase in the productivity of maize was 
resulted. Paramjit et al. (2001) at Hisar studied the effect of different levels of 
nitrogen and irrigation on nitrogen uptake and quality of malt barley var. Alfa-93. 
The application of two irrigations (I2) significantly increased the nitrogen content 
and uptake in grain and straw, and protein content in grain. The increasing levels 
of nitrogen upto 90 kg N ha"' significantly increased the nitrogen concentration 
and uptake by grain and straw and protein content in grain. Sangakkara et al. 
(2001) at Zurich studied the influence of soil moisture and fertilizer potassium on 
the vegetative growth of moongbean (Vigna radiata L. Wilczek) and cowpea 
{Vigna unguiculata L. Walp). Potassium increased the shoot growth of 
moongbean to a greater extent than in cowpea under suboptimal moisture 
conditions but the roots of cowpea showed a greater response to potassium. The 
plant water relations and photosynthetic rates of moongbean were improved by 
potassium than those of cowpea. 
AH et al. (2002) at Peshawar studied the uptake of nitrogen as affected by 
various combinations of nitrogen and phosphorus. Both nutrients had a significant 
effect on grain yield, nitrogen uptake, maturity and in grain yield while non-
significant effect of N and P was recorded for harvest index. Plots treated with NP 
combination of 150:90 kg ha"' produced maximum grain yield while 150:120 NP 
kg ha"' resulted in maximum nitrogen uptake at tasseling, maturity and in grain. 
Mahboob and Asghar (2002) at Farooqabad studied the effect of seed inoculation 
and different nitrogen levels on moongbean. Results showed that various yield 
components like pods plant"', grains pods"', 1000 grain weight, biological and 
grain yield were affected significantly by seed incoculation and fertilizers 
application. Seed inoculation + 50-50-0 NPK kg ha"', exhibited superior 
performance for exploiting maximimi potential. 
Ahmad et al. (2003) at Faisalabad studied the response of three 
moongbean cultivars (NM-98, NM-36-13-1-2 and NM-46-7-2) to three fertilizer 
levels viz. 50-0-0, 50-100-0 and 50-100-50 kg NPK ha"'. The results led to the 
conclusion that moongbean cultivar NM-46-7-2 applied 50-100 kg NPK ha"' 
produced more number of grains plant"', 1000-seed weight, grain yield and grain 
protein content than the other two cultivars. Ashraf et al. (2003) at Faisalabad 
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observed that plant growth, nodulation, number of pods plant"', seed yield and 
harvest index were significantly increased by seed inoculation and NPK 
application. They observed the response of ten moongbean genotypes to 30, 60 
and 90 kg P ha''. The genotype BRM-202 gave significantly highest grain yield 
among others, while phosphorus level of 90 kg ha'' produced the maximum grain 
yield. During the same year (2003), Oad et al. at Tandojam studied the 
phosphorus and potassium requirements of moongbean as 100-100 PK kg ha"' 
recorded an increase in the yield. Singh and Rathore (2003) at Bikaner studied the 
influence of phosphorus and thiourea on yield and economics of greengram 
[Vigna radiata var. aureus (L.) Wilczek] where 50 kg P2O5 ha'' significantly 
increased the grain by 23.04 and 7.17%, while net returns of 31 and 7% over 
control by 25 kg P2O5 ha'', respectively. 
Nadeem et al. (2004) at Faisalabad observed that application of fertilizer 
significantly increased the seed yield and maximum seed yield was obtained when 
30-60 kg N-P2O5 ha'' was applied. Seed protein contents were also increased 
significantly by seed inoculation and fertilizer application 
Thippeshappa and Shivanna (2005) at Bangalore performed the 
experiment under Control (Ti); single super phosphate (SSP; T2); Maton rock 
phosphate (MTRP; T3); MTRP + SSP at 3:1 ratio (T4); 25% acidulated MTRP 
(PAMTRP = 25%; T5); 10 t Pongamia pinnata leaf litter ha"' (LL: Te); MTRP + 
LL (T7); SSP + LL (Ts); 25% PAMTRP + LL (T9); MTRP + 3:1 SSP + LL 
(Tio).The above treatment showed significant results for dry matter yield, 
phosphorus concentration and N, K, Ca, Mg, S uptake. 
Malik et al. (2006) at Rawalpindi observed that irrigation treatments 
exhibited positive effects on yield and yield components. Less than two and more 
than two irrigations were not economically beneficial. Phosphorus application @ 
40 kg P2 O5 ha"' affected the crop positively, below and above this level left non-
significant effects. They concluded that green gram can be successfiiUy grown 
under limited water supply when at least two irrigations with phosphorus at 40 kg 
P2O5 ha"' were given. 
Rao and Reddy (2007) at Hyderabad studied the influence of age of 
seedlings and integrated nitrogen management on NPK uptake by late-planted 
rice. They showed that application of 75% RDFN + 25 kg GM-N + 25 kg PM-N 
recorded the highest NPK uptake by rice at all the stages of crop growth. Parmar 
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and Thanki (2007) at Navasari, Gujarat studied the effect of irrigation, phosphorus 
and biofertiHzer on growth of rabi green gram (Vigna radiata L.). They revealed 
that irrigating the crop at 07/W/CPF ratio (13) produced significantly the highest 
seed yield and stover. 
Mustafa et al. studied the growth and yield of chickpea as influenced by 
irrigation and nutrient management. They performed their experiments during the 
year 2008 at Tirupati. Result revealed that growth and yield of chickpea was 
highest with four irrigations scheduled at sowing, branching, flowering and pod 
filling stages. Among the nutrient management practices, 100 percent 
recommended dose of N and P + Rhizobium + FSB has resulted in higher growth, 
yield attributes and yield of chickpea. Asaduzzaman et al. (2008) at Dhaka applied 
different levels of irrigation and dose of nitrogen. Irrespective of treatment 
differences, the moongbean plant as a pulse crop showed a lag phase for slow dry 
matter production at early growth stage. Application of 30 kg N ha'' as basal with 
one irrigation at flower initiation stage significantly improved dry matter 
accumulation. This greater dry matter production eventually partitioned to pods 
per plant, seeds per plant and 1000-seed weight gave maximum seed yield per 
plant or per hectare. Ghosh and Joseph (2008) at Allahabad studied the influence 
of biofertilizers, foliar application of DAP and sulphur sources on yield and yield 
attributes of summer green gram (Vigna radiata L. Wilczek). The variety of green 
gram 'Type 44' showed that dual inoculation of Rhizobium + PSB, application of 
sulphur @ 30 kg ha'' through gypsum and 2% for application of DAP, 
significantly recorded higher number of pods plant'', fertility co-efficient, number 
of seeds pod"', seed yield, stover yield and test weight. 
Sultana et al. (2009) at Dhaka studied the different managements of 
nitrogen and weeding on moongbean. Results showed that application of 20 kg N 
ha'' as basal + 20 kg N ha'' with one weeding at vegetative stage showed 
significantly higher values of all growth parameters studied. This treatment also 
produced significantly more number of branches, pods plant'' and seed yield ha''. 
Singh and Chauhan (2009) conducted an experiment at Srinagar on sandy loam 
soil with pH 5.3 to 5.5 to study the effect of organic sources of nutrients viz., 
vermicompost, FYM along with inorganic fertilizers in French bean under 
irrigated condition with an objective to study growth and yield without degrading 
soil quality by using various nutrient compositions. In this investigation, 
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vermicompost treatment (T2) recorded the highest values in all observations 
except biomass of whole plant which was highest in N:P:K (Tl ) treatment. Thus 
it may be concluded that vermicompost was found useful than any other type of 
treatments under irrigated conditions. 
2.4 Effect of biofertilizers on crop plants 
Rangarajan and Purushothaman (1987) at Adhuthurai studied the 
successful inoculation of Vigna radiata (L) Wilczek grown in rice fallow soil 
containing indigenous cowpea rhizobia. Two rhizobium strains; VUW.2 and 
VRS.6 showed that both were capable of competing with native rhizobia in 
infecting the roots of the moongbean and occupying the nodules to an extent of 
35-75%. The seed yield increased upto 18.7-23.6% above control due to 
inoculated rhizobial strains. 
Hafeez et al. (1988) at Faisalabad studied the effect of salinity and inoculation 
on growth, nitrogen fixation and nutrient uptake of Vigna radiata (L) Wilczek. 
They observed that soil ECE level of 7.5 dSm-t was quite detrimental causing 
about 60% decline in dry matter and grain yield of moongbean plants whereas a 
soil ECE level of 10.0 dSm-t was almost toxic. Most of the strains of rhizobium 
were salt tolerant. 
Sharma (2001) at Palampur studied the different strains of Bradyrhizobium 
culture on moongbean. Local isolate of Bradyrhizobium species showed 
significantly maximum increase in crop growth rate, relative growth rate and 
photosynthetic efficiency at various stages of growth. Similarly, photosynthetic 
efficiency was at its peak at flowering stage and showed a decreasing pattern, 
which continued till pod maturing stage. The seeds inoculated with local isolate 
showed significantly maximum seed yield as compared to other strains and 
control. 
Rahman et al. (2002) at Rahmatpur in Bangladesh studied the yield 
performance of moongbean cv. Barimung-4 as influenced by rhizobium 
Inoculation and NPK fertilizers. Results revealed that the variety produced the 
maximum seed and straw when it was fertilized with N20P40K20 kg ha"' followed 
by rhizobium + P40K20 kg ha''. Plant height, branches planf', pods plant'', pod 
length, seeds per pod, 1000-seed weight and harvest index were increased 
significantly due to the application of various combinations of NPK fertilizers and 
rhizobium inoculation. Hussain et al. (2002) studied the effectiveness of 
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rhizobium under salinity stress. The results showed that total green and dry matter 
yield as well as root dry weight of berseem decreased consecutively with increase 
in salinity level while rhizobium inoculation created a positive effect and these 
parameters remained significantly higher than the similar levels without 
inoculation. 
Mathur and Singh (2003) at Hisar studied the effect of sources of starter 
nitrogen and rhizobium inoculation on grain yield and economics of summer 
moongbean cultivation. They observed that among various sources of starter N, 
vermicompost being at par with FYM, recorded significantly highest no. of pods 
and grain yield planf', grain stover and biological yield ha"^ Rhizobium 
inoculation recorded significantly higher no. of seeds and seed yield plant'' and 
seed, stover and biological yield ha'V 
Jauhri et al. (2005) at New Delhi studied the associative effect of 
inoculation of different strains of Azotobacter and homologous rhizobium. They 
observed that in the case of Vigna radiata and Glycine max incorporation of 
suitable strain of Azotobacter gave higher yield than obtained by the use of 
rhizobium as inoculant. In the case of Pisum sativum association of rhizobium 
with a strain of Azotobacter chroococcum isolated from the rhizosphere of pea 
gave numerically higher yield than rhizobium alone and statistically higher yield 
may be obtained when a suitable strain of Azotobacter is used after screening a 
large number of strains of Azotobacter from the rhizosphere of pea. 
Ahmad et al. (2006) at Rawalpindi studied the effect of rhizobium 
inoculation on growth and nodule formation of green gram. They observed that 
soil and seed inoculation in combination with N fertilizer positively affected the 
growth and nodule formation. Among all the treatments i.e., at 15, 30 and 45 kg 
ha"', seed inoculation + 15 kg N ha'' was found effective. 
Naik et al (2007) at Hyderabad studied the effect of rhizobial strains on 
nodulation, nitrogenase activity and grain yield of cowpea cuhivars. The results 
revealed significant differences among the cultivars and among the rhizobial 
strains were effective for increased nodule number, leghaemoglobin content, 
nitrogenase activity, grain yield, nitrogen content and grain protein content for 
Pusa Barsati and Pusa Kesari cowpea cultivars, while TAL-1000 was effective for 
C-152 cultivar vdth regards to the above traits. 
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Ali et al. studied the effect of rhizobium Inoculation to different varieties 
of garden pea (Pisum sativum L.). They carried their experiment at Gazipur, 
Bangladesh in 2008. Three varieties of garden pea viz., Ban Motorshuti-1, Bari 
Motorshuti-2, Bari Motorshuti-3 and rhizobial inoculum (Bari RPs-502) were 
used. Inoculated plants gave significantly higher nodule number, nodule weight, 
root weight, shoot weight, stover yield and seed yield compared to non-inoculated 
plants. Bari Motorshuti-1 produced the highest yield and the seed yield of variety 
Bari Motorshuti-1 were 35% and 31% higher for inoculated plants compared to 
uninocualted ones. 
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Chapter-3 
MATERIALS AND METHODS 
To achieve the aims and objectives mentioned earlier (chapter-1), two pot 
experiments were conducted during summer of 2009-2010 in the net house of 
Environmental Plant Physiology, Botany Department, Aligarh Muslim University, 
Aligarh (U.P.) India. Experiments were carried out to assess the suitability of 
waste water (WW) and fly ash (FA) as potential sources of plant nutrients and 
irrigation water on a variety T-44 of moongbean (Vigna radiata L.Wilczek). 
These treatments were also supplemented with different doses of NPK fertilizer to 
assess if some inorganic fertilizer could be saved keeping the economic and 
environmental factors in mind. 
3.1 Agro-climatic conditions 
Aligarh has an area of 5,024 sq kms and located at 27° 52' N latitude, 
78°5r E longitude at an elevation of 187.45 m above the sea level. The climate is 
semiarid and subtropical with severe hot dry summers and intense cold winters. 
The spring starts in February and summer from April to June. The average 
temperature in this period varies between 32°C to 35°C, which goes even up to 
46°C-47.5°C during the month of June. The winter stretches from middle of 
October till the end of March. December and January being the coldest months as 
temperature reaches to on an average between 13°C-15°C while the minimum 
temperature touches to 1.0°C. The average rainfall remains around 750 mm. 
Rainfall occurs during July to September. 
3.2 Preparation of pots 
Clean earthen pots of 12D diameter were chosen and prior to filing, the 
farm soil were mixed thoroughly with suitable quantities of farmyard manure. 
Before sowing, in each pot, sufficient quantity of ground water together with NPK 
doses were given 24 hrs in advance to provide necessary moisture for germination 
and to avoid seed injury due to fertilizers. 
3.3 Seeds treatment 
Seeds were procured fi-om Agricultural Directorate, Aligarh. Authentic 
and viable rhizobium culture (rhizobium sp.) specific for green moong was 
applied. Healthy seeds were surface sterilized with mercuric chloride and dried in 
shade before applying the inoculum according to the method of Subha Row 
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Table la: Scheme of treatments given in Experiment 1 (Experimental design; randomized 
complete block design). 
Treatments (kg/ha) Irrigation water 
GW WW 
Remarks 
FAoNo 
FAoN.o 
FAioNio 
FA0N20 
FA10N20 
FA0N30 
FAioNjo 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
Flyash 0% and 0kg N/ha 
Flyash 0% and 10kg N/ha 
Flyash 10% and 10kg N/ha 
Flyash 0% and 20kg N/ha 
Flyash 10% and 20kg N/ha 
Flyash 0% and 30kg N/ha 
Flyash 10% and 30kg N/ha 
N.B. A uniform basal dose of phosphorus and potassium @ 30kg ha"' and 20kg h a ' respectively 
was applied. GW= Ground water, WW= Waste water, FA= Fly ash 
Table lb: Scheme of treatments given in Experiment II (Experimental design; 
randomized complete block design). 
Treatments 
(kg/ha) 
Irrigation water 
GW WW 
Remarks 
FAoPo 
FAoP,5 
FA,oP,5 
FA0P30 
FAioPjo 
FA0P45 
FA10P45 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
Flyash 0% and 0kg P/ha 
Flyash 0% and 15kg P/ha 
Flyash 10% and 15kg P/ha 
Flyash 0% and 30kg P/ha 
Flyash 10% and 30 kg P/ha 
Flyash 0% and 45kg P/ha 
Flyash 10% and 45kg P/ha 
N.B.A uniform basal dose of nitrogen and potassium @ 20kg ha"' each was applied. GW= 
Ground water, WW= Waste water, FA= Fly ash 
(1972). For this, 200 gm colorless gum Arabic (coating material) and 50 gm sugar 
were dissolved in 500 ml warm water. The solution was allowed to cool and 100 
gm rhizobium culture was properly mixed. Required quantity of seeds was mixed 
with inoculum until the seeds were evenly covered by the inoculation mixture. 
These inoculated seeds were spread in a clean tray to let the coating dried in 
shade. 
3.4.1 Experiment I 
It was conducted on green moong cv. T-44, to compare the effect of urban 
waste water (WW) and ground water along with fly ash and nitrogen. Waste water 
was collected from the drain running along the Mathura road at 5 km from 
department (Photo plate no. 1), whereas tap water was the source of groimd water 
(GW). Fly ash was collected from the fly ash pond of the leachate reservoir of 
Hardugunj Thermal Power plant, Kasimpur, located at 13 km away from Aligarh 
city. Each pot received 300 ml water daily for the duration of 75 days starting 
from 10 day after sowing (DAS) i.e., after seedling emergence. A single 
concentration of fly ash was thoroughly mixed with soil making the total of soil 
flyash"' weight up to 6 kg pot"'. The control consisted of only soil without fly ash 
and NPK fertilizers. Different doses of nitrogen i.e., 0, 10, 20 and 30 kg ha"' were 
supplemented in order to workout the optimum dose (Table la). A uniform basal 
dose of phosphorus and potassium at the rate of 30 kg ha"' and 20 kg ha"' 
respectively was applied before sowing. The seeds were sown on 31^' March 2009, 
at the rate of ten seeds pot"' were sown to avoid germination failure and after 
germination, thinning was done keeping three plants in each pot. Crop was 
harvested on 14*'' June 2009. 
3.4.2 Experiment II 
This experiment was conducted simultaneously with experiment I on 
green moong cv. T-44 to compare the effect of urban waste water and ground 
water along with fly ash and phosphorus. A single concentration of fly ash was 
thoroughly mixed with soil making the total of soil/fly ash weight up to 6 kg pot"'. 
No fertilizer and fly ash was added to control pots. Different doses of phosphorus 
i.e., 0, 15, 30, and 45 kg ha"' were supplemented in order to workout the optimum 
dose (Table lb). A uniform basal dose of nitrogen and potassium at the rate of 20 
kg ha" each were applied before sowing. Healthy seeds of more or less uniform 
size were surface sterilized and inoculated. The seeds were sown on 1*' April 
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mm. 
Photo plate no.l. Drain showing the pumping of waste water at the local farmer's field on 
the outskirts of Aligarh City from where the waste water was collected. 
after germination thinning was done keeping three plants in each pot. Crop was 
harvested on 15* June 2009. 
3.5 Statistical analysis 
The data for the growth and yield of each experiment were analysed 
statistically taking into consideration the variables according to Panse and 
Sukhatme (1985). The 'F- test' was applied to assess the significance of data at 
5% level of probability (p< 0.05). The error due replication was also determined. 
The model of analysis of variance (ANOVA) is given in tables 2a & 2b. Critical 
difference (CD) was calculated to compare the mean values of various treatments. 
3.6 Soil and water analysis 
The data for soil and water analysis (Table 3a & 3b) was taken from the 
thesis of Ahmad, I. (2004). 
3.7 Biometric observations 
For investigating the comparative effect of GW, WW, fly ash and 
fertilizers under inoculated conditions, observations were carried out at vegetative, 
flowering, fruiting and at harvest stages. For the study of the root, the plants were 
uprooted carefully and washed gently to clear the adhering particles. 
3.7.1 Growth characteristics 
The following growth characteristics were observed using standard 
methods 
1. Shoot length plant'' 
2. Root length plant"' 
3. Shoot fresh weight plant'' 
4. Root fresh weight plant"' 
5. Leaf number plant'' 
6. Leaf area plant'' 
7. Nodule number plant"' 
8. Plant dry weight plant'' 
For assessing dry weight, three plants from each treatment were dried, 
after taking their fresh weight, in hot air oven at 80°C for two days and weighed. 
The area of leaves was measured using leaf area meter (LA211, Sysfronics, India). 
For nodule number, whole plant was uprooted with the precaution that the roots or 
the nodules may not be damaged. Samples were washed gently to wipe away all 
the adhering foreign particles and the number was carefiiUy counted. 
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Table 2a. Model of analysis of variance (ANOVA) of Experiment 1 (Experimental 
design; randomized complete block design) 
Source of 
df SS MSS Rvalue Significant 
variation 
Replication 2 
Treatment 13 
Water 1 
Nitrogen 6 
Interaction 6 
Error 26 
Total 41 
Table 2b. Model of analysis of variance (ANOVA) of Experiment II (Experimental 
design; randomized complete block design) 
Source of 
df SS MSS F. value Significant 
variation 
Replication 2 
Treatment 13 
Water 1 
Phosphorus 6 
Interaction 6 
Error 26 
Total 41 
Table 3a. Chemical characteristics of soil before sowing. All determinations in 
mg r ' in 1: 5 (soil-water extract) or as specified. 
Characteristics 
Texture Sandy loam 
CEC(meqlOOg"'soil) 2.88 
pH 8.30 
Organic carbon (%) 0.789 
EC (n mhos cm •') 281.00 
Nitrate nitrogen (g kg ' soil) 0.243 
Phosphorus (g kg"' soil) 0.120 
Potassium 21.00 
Calcium 30.29 
Magnesium 18.24 
Sodium 13.18 
Carbonate 18.36 
Bicarbonate 81.64 
Sulphate 18.28 
Chloride 28.13 
Table 3b. Chemical characteristics of ground water (GW) and waste water (WW). 
All determinations in mg l ' or as specified (except pH). 
Characteristics GW WW 
pH 7.3 7.9 
EC (n mhos cm"') 710 880 
Total solids (T.S.) 902 1298 
Total dissolved solids (T.D.S.) 520 637 
Total suspended solids (T.S.S.) 404 658 
Biological oxygen demand (B.O.D.) 16.17 68.10 
Chemical oxygen demand (C.O.D.) 38.24 124.18 
Magnesium (Mg) 17.84 26.36 
Calcium (Ca) 26.17 41.84 
Potassium (K) 7.52 16.67 
Sodium (Na) 17.13 44.29 
Bicarbonate (HCOa") 67 93 
Carbonate (COj") 21 38 
Chloride (Cl') 69.13 111.17 
Phosphate (PO4") 0.70 1.22 
Ammonia nitrogen (NH3-N) 
Nitrate nitrogen (NO3-N) 
SO4 
0.74 1.19 
2.19 5.31 
46 65 
3.7.2 Physiological parameters 
Following parameters were studied at vegetative, flowering and fruiting 
stage. 
3.7.2.1 Nitrate reductase activity (NRA) 
NRA was estimated by the method of Jaworski (1971). Random samples 
of leaves from each plant were taken and cut into small pieces. 200 mg fresh leaf 
pieces were weighed and placed in polythene vials. To each, 2.5 ml phosphate 
buffer (0.1 M) pH 7.5 (Appendix A-l,i) and 0.5 ml potassium nitrate (0.2 M) 
solution (Appendix A-l,iii) were added, followed by addition 2.5 ml of 5% 
isopropanol (Appendix A-l,ii). Lastly, two drops of chloramphenicol solution 
were added to avoid bacterial growth in the medium. The vials were incubated for 
two hours in the dark at 30°C. 0.4 ml incubated mixture was taken in a test tube to 
which 0.3 ml of 1% sulphanylamide (Appendix A-l,iv) and 0.02% N-1, 
napthylethylene diamine hydrochloride (NED-HCL) (Appendix A-l,v) were 
added. The solution was left for 20 minutes for maximum colour development. It 
was diluted to 5 ml with DDW and optical density was read at 540 nm using a 
spectrophotometer. A blank consisting of 4.4 ml DDW and 0.3 ml each of 
sulphanilamide and NED-HCL, was used simultaneously for comparison. 
Standard curve was plotted by taking known graded dilutions of sodium nitrate 
from a standard aqueous solution of this salt. The optical density of the samples 
was compared with calibrated curve and NR activity was expressed as \i mol NO2 
g"' h"' fresh leaf tissue. 
3.7.2.2 Chlorophyll estimation 
It was estimated following the method of Mac Kinney (1941). Fresh leaves 
(100 mg) were homogenized in mortar with sufficient quantity of 80% acetone 
(Appendix A-2,i). The extract was filtered and supernatant collected in the 
volumetric flask. The process was repeated thrice and each time supernatant was 
collected in the same flask. Finally the volume was made up to 10 ml with 80% 
acetone. 5 ml sample of chlorophyll extract was transferred to a cuvette and the 
absorbance was read at 645 nm and 663 nm on spectrophotometer. The following 
equation given by Amon (1949) was adapted to calculate the total chlorophyll 
content. 
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V 
Total chlorophyll content = 20.2(A645) + 8.02(A663) >< 
lOOOxW 
Where, A= absorbance of specific wavelengths 
V= final volume of chlorophyll extraction in 80% acetone 
W= fresh mass of tissue used for extraction 
3.7.2.3 Leaf NPK estimation 
Healthy leaves were collected at different sampling stages for the 
estimation of N, P and K contents. Oven dried leaves from each treatment and 
replication were powdered with mortar and pestle and passed through 72 mm 
mesh sieve. The powder was stored in small polythene bags with identification. 
Digestion of leaf samples 
The leaf powder was oven dried before digestion and 50 mg powder from 
each replicate was transferred to 50 ml kjeldhal flask to which 2 ml sulphuric acid 
was added. The contents of the flask were heated on temperature controlled 
assembly for about 2 hours to allow complete reduction of nitrates present in the 
plant material. As a result, the contents of the flask turned black. After cooling the 
flask for about 15 minutes, 0.5 ml 30% H2O2 was added drop by drop and the 
solution was heated again till the colour changed from black to light yellow. 
Again after cooling for 30 minutes, an additional 3 drops of 30% H2O2 were 
added, followed by heating for another 15 minutes. The process was repeated till 
the contents of the flask turned colourless. The peroxide digested material was 
transferred from kjeldhal flask to 50 ml volumetric flask with three washings of 
DDW. The volume of the flask was made up to the mark. This peroxide digested 
material was used for the estimation of N, P and K contents. 
Estimation of nitrogen 
Nitrogen was estimated according to Lindner (1944). 10 ml aliquot of the 
peroxide digested material was taken in 50 ml volumetric flask. To this, 2 ml 2.5 
N sodium hydroxide (Appendix A-3,i) was added which neutralized the excess of 
acid and 1 ml 10% sodium silicate solution (Appendix A-3,ii) was added which 
prevented the turbidity. The volume of the solution was made up to mark. In 10 
ml graduated test tube, 5 ml this solution was taken and 0.5 ml Nessler's reagent 
(Appendix A-3,iii) was added. The final volume was made up to 10 ml with 
DDW. The contents of the test tube were allowed to stand for 5 minutes for 
maximum colour development. Then the solution was fransferred to colorimetric 
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tube and optical density was read at 525 nm. For standard curve of nitrogen, 50 
mg ammonium sulphate was dissolved in 1 litre DDW. From this solution, 0.1 to 
1.0 ml was pipetted in 10 different 10 ml graduated test tubes. The solution in 
each test tube was diluted to 5 ml. In each test tube 0.5 ml Nessler's reagent was 
added and the final volume was made up to the mark. After five minutes, the 
optical density was read at 525 nm. A blank was run with set of determination. 
Standard curve was plotted using different concentrations of ammonium sulphate 
solution versus optical density and with the help of this standard curve, the 
amount of nitrogen present in the sample was determined. 
Estimation of phosphorus 
The method of Fiske and Subba Row (1925) was adapted. 5 ml aliquot was 
taken in 10 ml graduated test tube and 1 ml 2.5 % molybdic acid reagent 
(Appendix A-3, iv) was carefully added, followed by the addition of 0.4 ml I-
amino-2-naphthol-4-sulphonic acid (Appendix A-3,v). To this content, volume 
was made upto 10 ml. The solution was shaken for 5 minutes for maximum colour 
development and subsequently transferred to colorimetric tube. The optical 
density was read at 620 nm. For standard curve of phosphorus 351 mg monobasic 
dihydrogen orthophosphate was dissolved in sufficient DDW to which 10 ml ION 
H2SO4 (Appendix A-3, vi) was added and the final volume was made to 1000 ml. 
From this solution 0.1 to 1.0 ml was taken in different graduated test tubes, the 
solution in each test tube was diluted to 5 ml. In each tube, 1 ml 2.5 % molybdic 
acid reagent and 0.4 ml l-amino-2-naphthol-4-sulphuric acid was added and the 
final volume was made upto 10 ml. After 5 minutes, optical density was read at 
620 nm. A blank was run with each set of determination. Standard curve was 
plotted using different dilutions of potassium dihydrogen orthophosphate solution 
versus optical density. With the help of the standard curve, the amount of 
phosphorus present in the sample was determined. 
Estimation of potassium 
It was estimated with the help of flame photometer. 10 ml aliquot was 
taken and read by using the filter for potassium. A blank was also run side by side 
with each set of determination. The readings were compared with calibration 
curve plotted using known dilutions of standard potassium chloride solution. For 
standard curve for potassium 1.91 gm potassium chloride was dissolved in 100 ml 
DDW, of which 1 ml solution was diluted to 1000 ml. The resulting solution was 
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of 10 ppm potassium. From this 1 to 10 ml solution was transferred to 10 vials 
separately. A blank was also run with each set of determination. Standard curve 
was prepared using different dilutions of potassium chloride solution versus 
readings on the scale of galvanometer. The amount of potassium present in sample 
was determined with the help of standard curve. 
3.7.2.4 Photosynthetic measurements 
The photosynthetic parameters (net photosynthetic rate, stomatal 
conductance, water use efficiency, internal CO2 concentration and transpiration 
rate) were measured by using portable photosynthesis system (LI-COR 6400, 
Linden, USA). The measurements were made on uppermost fiiUy expanded leaves 
of the main branch of plants between 11 to 12 h under clear sunlight. 
3.7.3 Yield characteristics 
For this, three plants from each treatment were collected at the time of 
harvest i.e., when the crop attained physiological maturity. Following yield 
characteristics were observed; 
1. Number of pods plant'' 
2. Pod length plant'' 
3. Pod weight plant'' 
4. Number of seeds pod'' 
5. 100-seed weight 
6. Seed yield planf' 
7. Biomass plant"' 
8. Harvest index 
Total seeds threshed out of dried plant samples of each treatment were 
cleaned and allowed to dry under the sun for few hours and the weight was 
recorded to complete the seed yield. Total biomass was recorded after drying the 
entire plant in the sun to make the weight constant. While for harvest index it was 
computed after dividing the seed yield by biomass and expressed in percentage 
Seed yield . _ « 
Harvest Index (%) = ' X 1 0 0 
Biomass 
3.8 Seed analysis 
The seeds collected at harvest were chemically analyzed for the protein 
contents. The seed samples of each treatment were dried and ground to fine 
powder and passed through a 72 mm mesh sieve. The powder was stored in the 
24 
polythene bag with proper identification. Before analysis, these samples were kept 
at 80°C in an oven overnight. 
3.8.1 Estimation of total proteins 
The method of the Lowry et al. (1951) was followed. 50 mg oven dried 
seed powder was transferred in glass centrifuged tube, to which 5 ml of 5% 
trichloroacetic acid (Appendix A-4,i) was added. The solution was allowed to 
stand for 30 minutes at room temperature with thorough shaking for the complete 
precipitation of the proteins. The material was centrifuged at 4,000 rpm for 10 
minutes and the supernatant was discarded. 5 ml of IN sodium hydroxide was 
added to the residue and mixed well. It was left for 30 minutes on water bath at 
80°C so that all the precipitated proteins may completely get dissolved. After 
cooling for 15 minutes the mixture was centriftiged at 4,000 rpm for 15 minutes 
and the supernatant containing protein fraction together with three washing with 
IN NaOH (Appendix A-4,ii) was collected in 25 ml volumetric flask. Volume 
was made upto the mark with IN NaOH and used for the estimation of proteins. 1 
ml sodium hydroxide extract was transferred to 10 ml test tube and 5 ml reagent-B 
(Appendix A-4,iv) was added. The solution was mixed well and allowed to stand 
for 10 minutes at room temperature. 0.5 ml Folin phenol reagent (Appendix A-
4,vii) was added rapidly with inmiediate mixing. The blue colour developed and 
was left for 30 minutes for maximum colour development. Absorbance of this 
solution was read at 660 nm. A blank containing DDW, reagent-B and Folin 
phenol reagent was simultaneously run with each sample. The protein contents 
were calculated by comparing the optical density of each sample with calibration 
curve plotted by taking known graded dilutions of standard solution of bovine 
serum albumin (Fraction-V) and the seed protein contents were expressed in terms 
of percentage on dry weight basis. 
Standard curve for total proteins 
50 mg bovine serum albumin (Fraction-V) was dissolved in 50 ml DDW, 
of which 10 ml solution was diluted to 50 ml. 1 ml of this solution contains 200 
^g proteins. From this 0.2, 0.4, 0.6, 0.8 and 1.0 ml solution was transferred to 15 
test tubes separately. The solution in each test tube was diluted to 1 ml with 
DDW. A blank of 1 ml DDW was also run with each set of determination. 5 ml 
reagent-D to each tube including blank was mixed well and allowed to stand for 
10 minutes. To this solution 0.5 ml Folin phenol reagent was added and mixed 
25 
well and incubated at room temperature in the dark for 30 minutes. Blue colour 
developed and was read at 660 nm. 
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Chapter-4 
RESULTS 
4.1 Experiment I 
In this experiment, the comparative effect of two irrigation water sources 
and three basal levels of nitrogen, supplemented with phosphorus and potassium 
at the rate of 30 kg ha'' and 20 kg ha"' respectively applied uniformly before 
sowing, was studied on moongbean (Vigna radiata L.) cv.T-44. The growth 
characteristics and physiological parameters were recorded at three stages. Yield 
attributes including seed yield and seed protein content were recorded at harvest. 
Only the significant data is described briefly as follows. 
4.1.1 Growth parameters 
Eight growth parameters namely shoot length planf', root length plant'', 
shoot fresh weight plant'', root fresh weight plant"', leaf number planf', leaf area 
plant'', nodule number plant'' and plant dry weight planf'were recorded. 
4.1.1.1 Shoot length plant"' 
Among the various nitrogen and fly ash combinations, the treatment 
FA10N20 proved better in increasing the shoot length of the plant at the three 
sampling stages i.e., vegetative, flowering and fruiting recording an increase of 
17.49%, 6.19% and 1.12% over the control (Table 4), and was followed by 
FAQNIO, FA0N20 at vegetative, FA0N20, FAQNO at flowering and FAioNio, FAoNo at 
fruiting stage. The maximum decrease was shown by FA0N30 at vegetative and 
FA10N30 at flowering and fruiting stage. Waste water proved better in increasing 
the shoot length at all the three sampling stages showing an increase of 9.74%, 
7.57% and 14.92% over the control. Among the various interactions, 
WWxFAioNao proved to be optimum combination giving higher shoot length at 
vegetative and flowering stages and WW^FAioNio proved to be optimum at 
fruiting stage and recorded an increase of 38.96%, 14.94% and 29.38% over the 
control. 
4.1.1.2 Root length plant"' 
Like shoot length, here also FA10N20 proved effective in increasing root 
length at all the three stages of sampling i.e. vegetative, flowering and fruiting 
recording an increase of 18.91%, 19.95% and 8.81% over the control (Table 5) , 
and was followed by FAQNIO at vegetative, FA0N20 at flowering and FAQNIO at 
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fruiting stage showing an increase of 18.73%, 17.95% and 8.42%. The maximum 
decrease was shown by FA0N20 at vegetative, FA10N30 at flowering and FAioNio 
at fruiting stage. Waste water proved better in increasing the root length at all the 
three sampling stages, recording an increase of 7.98%, 17.38% and 6.87% 
respectively. Among the various interaction effects, WWXFA10N20 proved 
optimum combination at vegetative and flowering stages while WWXFAQNIO 
proved better at fruiting stage showing an increase of 41.50%, 52.38% and 
19.74% respectively over the control. 
4.1.1..3 Shoot fresh weight plant"' 
FA10N20 proved effective at all the sampling stages i.e., vegetative, 
flowering and fruiting showing an increase of 75.75%, 15.19% and 22.61% 
respectively over the control (Table 6). At vegetative stages, FA10N20 was 
followed by FA0N30, FA10N30, and FA10N20 showing significantly same effects. At 
flowering and fruiting, FA10N20 was followed by FAQNO and FAjoNio and thus a 
decrease in the shoot fresh weight was observed under various nitrogen and fly 
ash combuiations. Application of waste water proved beneficial at all the three 
sampling stages with an increase of 26.66%, 7.37% and 6.11% over ground water. 
Among the various interactions, WWxFAioNio proved to be optimum at 
vegetative showing an increase of 145.16% and was followed by WWXFAQNJO, 
WWXFA0N20 and WWXFA10N20 whereas at flowering, WWXFAQNIO with an 
increase of 6.20% was followed by WWXFA10N20 and GWXFA10N20 showing 
significantly same values thus WWXFA10N20 proved to be optimum. At fruiting, 
WWXFA10N20 proved best combination for shoot fresh weight with an increase of 
34.74%. 
4.1.1.4 Root fresh weight plant'* 
The combination FA10N20 proved optimum at all the sampling stages i.e., 
vegetative, flowering and fruiting showing an increase of 86.36%, 8.21% and 
215.71% respectively over the control (Table 7), and was followed by FA0N30 and 
FAoNio at vegetative and fruiting stages showing an increase of 72.72%» and 
110.00% over the control i.e., FAQNO. Waste water proved superior at all the 
growth stages. Waste water gave better resuhs with an increase of 46.15%, 
11.05%o and 60.75%> over ground water. Among interactions, WWXFA10N20 
proved optimum at vegetative and fruiting stages showing an increase of 409.09% 
and 257.33% whereas at flowering stage GWXFAQNO proved optimum and was 
28 
(L> 
> J) 
•4 -» 
c 
!-• 
,«> 
C 
D 
O 
J 
1 
E 
t - l 60 
C 
t o 
<+-o 
"So 
O 
t S C 60 O cS 
:> 60 
4) tfc 
•SJ 
^ ^ 
^ ^^  
•B 60 
^ > 
c _ 
a 
>> 
to c 
' ^ 60 
v£> O 
^ '^ 
H o 
& 
60 
03 
60 
(U 
<n m t~~- "/^ v^ oo «n 0\ r^ oo »r> i n -rf Tj-
m f»i m m •^ r^ rn 
•^ (N 'a- -^ -^ 
in vo ^^ vo vo 
m ro ^ c*^  rn 
•n -^ O vo ON OS O 
rn oo vq -^ T^ Tt T3-
•^ o i ro en •Tl- fn rn 
c 
U 
60 
> 
60 
u 
d oo ^^ vo oo r~- r-
ro •<:^  <n in <n >n <n 
o o o o o o o 
o 
c 
(U 
6 
T t vo V£> ( N —' en OO 
cT) Tj- r~; vo vo >o in 
o o o o o o o 
H^ ,—I in o •^ cN vo fn <n (N| >n in in >n 
o o o o o o o 
Q O - - O ^^ O ^-
< < < < < < < 
PH PUi b PL, UH t>-, tL, 
in 
Q 
on 
60 
••3 ep 
(X, 
60 
C 
S 60^  
O I" 
> 
m m r— 
r- 0 \ -T 
^ o (S 
0 0 0 
vo in r--
o\ o t-
r - l ^ CM 
•^ m (N 
•<* < s ^ 0 0 0 
0 0 0 
C 
c _o I I V 60 
2 
4-* 
0 
OS 
u 
en 
60 
3 
o 
VO 0 \ >>0 <N <N 00 -^ 
rn CN rn O ^ O CO 
c»i m m m "^ c<^  m 
00 00 ( s ^ r- -^ — 
—I <n (S •^ r~; >n in 
rn f ' i c i CN •<*' rn CO 
O OS ON t--O -^ <n Tt 
rW rn r'i rn (N rn 
CN 00 
0 0 ^ 
z z z: 
0 
z ^: 
0 m 
Z ^ 
0 
< ^ < < < < < U H fe Pu P i PH P-, PH 
'a 
o 
XI 
u 
o 
o 
o 
o 
x: 
s-
o 
a. 
o 
•o 
• 3 
JO 
c 
3 
00 
c o 
e a 
c 5: 
-I 
o ^ 
§ ^ 
u II 
^ ^ 
a a 
o 
a. 
§• 
O 
§ 
00 
J 
a 
1 
a 
.& 
i 
c 
& 
o 
• • - 4 
en 
O 
o 
!> 60 
^ c 
2 c3 
•a 
60 
c 
Ui 
V 
« • § 
? 60 
•§> 
6b « 
o >. 
^ s 
c 
ui 60 
il 
(N - ^ O <r> \ 0 - ^ v% 
ON OJ r o >-; - ^ 00 t-; 
CN — CN (N <^ - ^ ^ 
'^ 0 • * ON oo oo O H^ 
CN oo vo -^ ^ «n t-; vq 
CN ^ r4 (N rn ^ " 
CO • * ^ (N - ^ r - o 
in vo ON 00 r-- o \ 0 \ 
• O ^ ^ ' (vj ^" ^ d 
s ( S VO NO <r> - H 00 oo V CN <N m ro -^ en ( N 
S O O o o o O O 
o 
e 
I 
(N| ON oo O >0 O ON 
rn <N r<l • ^ <0 • * ( S 
o o o o o o o 
•-I <N •<a- O vo >r> vo 
^ OJ r<^  rn fN r<l <N 
o o o o o o o 
Q O -—• O ^ - O i-i 
< < < < < < < 
pL, pL, P H |JL| M l bn (iH 
<n 
Q 
60 
60 
c 
o " 
> 
•5 t> 
A 60 
« s 
60 to 
> 
^ 00 r f 
r-~ o \ (N 
m --< <o 
o o o 
< 0 —I CN 
^ NO NO 
— ; O <-H_ 
o o o 
•<t 0 0 O S 
e n •—I • * 
o o o 
o o o 
C o i-i a> - S 
« 60 t^ 
^ 2 « 
f*^ • - » -4-t 
6q 
c 
(X, 
o t~- r- vo '-^  >o >r> 
r-- Tj- vq r-; (N i> vo 
o ^ o o oj c> o 
NO NO <NJ O oo oo 00 
vq •<*_ r-; oo NO oo iq 
o <s o o <s o o 
VI 00 m <N >n >—I m 
r-. T^ NO r-- r-; Nq Nq 
o o o o ^ o o 
O O r-1 Q ^ - O ^-
<<<<<<< 
til (IH b-i b-i P^ tM PH 
^ 
S 
O 
O 
V-c 
o 
u 
c3 b^ 
u 
o 
d . 
•a § 
H 
o 
o 
o 
•a 
^ 
00 
o u 
OS 
If 
o ^ 
3 S 
u II 
o 
CO • ? -
2 o 
"> S-
> K 
a 
CQ 
followed by WWxFAioNao showing significantly similar effects, therefore at 
flowering also, WWXFA10N20 proved to be optimum combination. 
4.1.1.5 Leaf number plant'^ 
Among the various nitrogen and fly ash combinations, the treatment 
FA10N20 proved better in increasing the leaf number of the plant during all the 
three stages of sampling i.e., vegetative, flowering and fruiting recording an 
increase of 19.04%, 3.70% and 17.94% over the control (Table 8), and was 
followed by FA0N20 at all the three stages of sampling with an increase of 13.09%, 
1.25% and 13.70% over the control. Waste water proved better in increasing the 
leaf number at all the three stages of sampling with an increase of 19.66%, 
13.77% and 38.69% over ground water. Among the various interactions, 
WWXFA0N20 proved most optimum combination at vegetative, WWXFA10N20 at 
flowering and WWxFAoNio at fruiting showing an increase of 42.21%, 7.14% and 
65.74% respectively over the control. 
4.1.1.6 Leaf area plant'' 
Here FA10N20 proved more effective in increasing leaf area at all the three 
sampling stages i.e., vegetative, flowering and fruiting showing an increase of 
52.82%, 4.30% and 39.54% respectively over the control (Table 9, Fig.l), and 
was followed by FA10N30 at vegetative, FAQNO at flowering and FA10N30 at 
fruiting stage. Waste water proved beneficial in increasing leaf area at all stages 
showing an increase of 19.26%, 9.18% and 107.476% respectively over ground 
water. Among various interactions, WWXFA0N20 proved best showing an increase 
of 80.28% and was followed by WWxpAioNao, WWXFA10N30 showing similar 
effect at vegetative stage. WWXFA10N20 proved best combination at flowering 
and fruiting stages showing an increase of 14.85% and 146.06% respectively over 
the control. 
4.1.1.7 Nodule number plant'' 
FA10N20 gave best results at all the three sampling i.e., at vegetative, 
flowering and fhiiting showing an increase 41.50%, 73.50% and 22.22% 
respectively over the control (Table 10, Fig. 1), and was followed by FAQNIO at 
vegetative, FA0N20 at flowering and FAQNO at fruiting showing an increase of 
16.50%, 31.54% respectively. Waste water proved effective in increasing nodule 
number at all the three sampling stages showing an increase of 10.95%, 22.57% 
and 9.62% respectively over ground water. Among interactions, WWXFA10N20 
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Fig.l Effect of ground water (GW) and waste water (WW) on leaf area and nodule number of 
green gram (Vigna radiata L.) grown with different levels of nitrogen at three growth 
stages. 
proved optimum at all the three stages showing an increase of 83.50%, 120.12% 
and 85.71% respectively, and was followed by GWxpAioNio, GWXFA0N20 and 
WWXFA0N30 wdth an increase of 33.50%, 60.06% and 76.14 respectively over the 
control. 
4.1.1.8 Plant dry weight plant'^  
The combination FA10N20 proved optimum in increasing plant dry weight 
at all the three stages of sampling recording an increase of 111.11%, 10.44% and 
41.40% over the control (Table 11), and was followed by FA10N30 which was at 
par with FAioNio at vegetative stage. At flowering, FA10N20 was followed by 
FAioNio and FAQNIO and at fruiting stage, FA10N20 was followed by FA10N30 and 
FAQNIO. Waste water proved effective in increasing plant dry weight at all the 
growth stages with an increase of 40.00%, 5.75% and 72.17% over ground water. 
Among interactions, WWXFA10N20 proved optimum during vegetative and 
fruiting stages showing an increase of 262.09% and 157.39% respectively over the 
control and was followed by WWxFAioNio at vegetative and WWx FAQNIO at 
fruiting stages respectively whereas at flowering stage, GWXFA10N20 proved to be 
optimum combination showing an increase of 26.63% and was followed by 
WWxFAioNio. 
4.1.2 Physiological parameters 
4.1.2.1 Nitrate reductase activity 
Among the nitrogen and fly ash combinations, FA10N20 proved optimum 
during all the three sampling stages i.e., vegetative, flowering and fruiting 
showing an increase of 24.17%, 20.84% and 15.04% respectively over the control 
and was followed by FA0N20 and FAioNio at all growth stages. The minimum 
value was shown by FAQNO (Table 12, Fig.2). Waste water proved better in 
increasing the enzymatic activity during all growth stages showing an increase of 
2.46%, 4.59% and 18.06% over ground water. Among the various interactions, 
WWXFA10N20 proved to be optimum combination at vegetative and fruiting stages 
with an increase of 29.53% and 34.51% respectively and was followed by 
WWXFA0N20 at both the stages whereas at flowering stage, GWXFA10N20 showed 
an increase of 25.39% and WWXFA10N20 showing significantly same values, 
therefore WWXFA10N20 proved to be optimum at flowering stage also. The 
minimum effect was shovra by GWXFAQNQ at all stages. 
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Fig.2 Effect of ground water (GW) and waste water (WW) on leaf nitrogen content and 
nitrate reductase activity of green gram (Vigna radiata L.) grown with different levels 
of nitrogen at three growth stages. 
4.1.2.2 Total chlorophyll content 
The treatment FA10N20 proved optimum during all the three stages of 
sampling i.e., vegetative, flowering and fruiting showing an increase of 39.72%, 
36.49% and 31.71% followed by FA10N30 during vegetative and flowering 
whereas FA0N30 at fruiting stage (Table 13). Application of waste water proved 
better than ground water during all the three stages of sampling showing an 
increase of 7.12%, 5.83% and 4.98% respectively. Among various interactions, 
WWXFA10N20 proved optimum combination during vegetative and flowering 
stages showing an increase of 51.40% and 48.23% whereas at fruiting stage, 
WWXFA0N30 proved optimum showing an increase of 42.52% followed by 
WWxFAioNso, GWxFAioNso and WWXFA10N20 at all the three stages 
respectively. 
4.1.2.3 Nitrogen content 
The combination FA10N20 proved optimum during first two growth stages 
i.e., vegetative and flowering stage showing an increase of 22.19% and 20.68% 
and was followed by FA10N30 showing significantly similar effects during both 
stages whereas during fruiting, FA10N30 proved optimum showing an increase of 
30.27% and was followed by FA0N30 (Table 14, Fig.2). Application of waste 
water proved better showing an increase 18.65%, 16.79% and 25.29% over 
ground water. Among the various interactions, WWXFA10N20 proved optimum 
showing an increase of 45.77% followed by WWxFAioNso showing significantly 
same effects at vegetative stage whereas at flowering, the interaction 
combinations proved to be non-significant. However, at fhiiting stage, 
WWXFA10N30 proved optimum showing an increase of 66.00% and was followed 
by WWXFA0N30. The minimum effect was shown by GW^FAoNo both at 
vegetative and fi^liting stages. 
4.1.2.4 Phosphorus content 
The combination FA10N30 proved optimum both at vegetative and 
flowering stages showing an increase of 37.61% and 47.42% and was followed by 
FA0N30 and FA10N20 respectively. The minimum effect was shown by FAQNO i.e., 
the control. At fruiting, the combination proved to be non-significant (Table 15). 
Waste water proved to be efficacious showing an increase of 19.89% and 19.41% 
at vegetative and flowering stages whereas at fruiting, the effect of waste water 
gave non-significant value. Among various interactions, WWXFA10N30 proved 
31 
s 
1 
I 
^ 
c 
t) (U 
& 
t j -H 
o 
^.-w.^ 
• * - • 
-a 
<u is 
j = 
r/> (L) 
'oo 
«3I) 
s^  
<L> 
01) 
t: « O 61) 
f j C 
o T3 U i C 
O eS 
X I 01) 
t> C 
Q 
o S 
o 
JS 
-^^  a> 
^ _> 
^ 
s.-^ (U 61) 
(I> U 
13 > 
? J 3 CO (D as 
t;; >-. 
K( qn 
:? T3 
T l C 
c e8 
esj C 
/ ' - N 4> 
^ 
(51) 
o 
o 43 
t- c V t^-l 
t5 o 
^ 
U5 
T 3 > 
C <1) 3 
O +-' 
^ 
"+-I u i 
o sa (J T3 
(1) 
W -O 
r^ C 3 
jS 
at 
H 
o 
60 
Ov OO «r) <r> \0 ON •^ 
ON OO O ON Tf OO Tj-
Tj- wo t— r~ O oo ON 
^^ <N ON ON iri ro O 
<0 V) Tj- (-r, 1^ TJ- r^ 
<o ^  r- 00 —' 0\ o\ 
—' -H ,-H ^  <S —' -H 
r~- •^  o o r~- m 00 
Tt fNi NO i/-> Tt m -^ 
Tj- to NO r- ON 00 ON 
C 
6 
'—' <N ON O >0 00 <N 
<N O O NO NO NO •—' 
NO t--_ OO ON <N O fN 
-^ ^' ^' —< CN <N <N 
00 (N m VO 00 OO ON 
r - >o T f <n NO >o Tj-
NO I - - oo o r») —- oj 
^ ^ ,-H' <N r4 CN oi 
T t ^ ^ l o Tj- - H r-~ -r f 
NO <o t ^ NO NO t~~ r -
<n NO t-~ 00 >—1 O N •—I 
(S 
o — o 
— o -« ~ 
U H pL, (JLi U H b-i b< p i 
00 
C a> 
00 
c 
Q 
> 
' (A 
• t j <l> 
CS nn 
00 1/1 
<N r-- lo 
m •—' - ^ O O p 
o o o 
t - - <0 0 0 (N '— m 
o o p 
o o o 
ON NO — 
<N — -^ 
p o p 
o o o 
a 
c o l l 4> 
In 
00 
P 
^ t! 
z s 
01] C9 
OG 
C 
3 
ON -^ m >o —I m Os 
o\ o o o —I o r--
cs •^ u-i NO r-~ r- <i-) 
oo '^ ON O <S r<^  oo NO vo <n >o in lo <N 
m •^ <n NO r~- r- wo 
O O r^ ON O <N ON 
m <n Tt <n t~ »o CNi (N m Tf <y-) NO NO NO 
O ^- O CS O rr 
o o 1—• o I—' o ^ 
P H bn PL| U H pL, U i pLi 
CS 
00 
o 
-s 
g. 
2 
o 
x; 
& 
o 
o. 
o 
•o 
"a 
c 
3 
C 
?? I-
fc II 
<«-c « 
O S 
T3 
<o 
o 
§ 
o 
V o 
CQ 
c 
u 
T3 G 3 
1 
¥ 
C 
c 
o 
o 
c 
u 
00 
o 
i: Oi (30 
OS 
C 60 
o .S 
•T3 
c 
00 
c 
ed O 
"2 «>" S > 
3 C 
P -a 
^ 
(4-1 
o c 
t j 00 
,4> O 
• > * (4-1 
^^  o 
^ (« 
« ?: 
(A 
oq 
a> 
vo o\ ^ >n ^ <r> iTi 
vo cN m TT t^ vo r-
^ </^  ON Os 0% 0^ Os 
o i (N <N o j o i tN <N 
so Tj- m >/^  <n rf <r> 
00 -^ t v^ so OS 00 O N 
v o r~; '-^ ^ —; >-; ^ 
o i ( N r n en r«i r ' i r«i 
so -^ so >r> so so m 
•«3- —1 <—1 t N « o • ^ "/I ( S f*} r-; r^ r~; r~- r-; 
r i <N <N (N <N fN (N 
oc 
(U 
00 
cd 
9> 
-H so r- <o r- so m 
l O r»^ <N o o •—I O ^ -
•>*_ <0 - ^ -^^ «N (N <N 
f i r«i -"t •<d- Tf • ^ Tf 
m </i so so so m so 
U-) — Tj- >n CO r~- oo 
r~; 00 Tt </^  >0 >r> m 
r n C O • * ' ^ l - - ^ "(l- T f 
s o ! > O T t t~- s o Tf 
•51- 1/1 o ^ • ^ m • * 
— (N OO OO OO 0 0 0 0 
m m fO m r<i r«i m 
2 2 -^2 '^2 '^ 
b pL, tLi IX, [ I H b P H 
Q 
00 
c 
U 00 
> 
00 t5 
u 
> 
oc 
oq 
c 
•^ CN ^ O O O o o o 
o o o 
O O (/3 
<=i o "^ 
• * < N w ^ 
o o o 
o o o 
o <=> o 
ea O es 
2 ^ 
x ; 
00 
o 
o 
o 
o 
o 
o . 
•a 
c 
<a 
o 
n . 
O 
x : 
o 
T3 
<N 
r- o -^ t~- o •— 
VO •—' (N r<^  <r> s o 
m s o so s o s o v£> 
Tt t~~ v-> so O <o s o 
Tt ^ OS O ^^ CN ro 
•^ V) r - oo oo oo 00 
so s o ir> >o • ^ VI s o 
o >—I (N m SO r^ oo 
- ^ ( N r f T t ^ T t r f 
O —' O (N o r*^  
2 ' ^ 2 ' % 2 ' ^ 
O -—< O •-' O -—I 
< < < < < < 
tL4 [JH bLi MH PUi tl-l 
CO 
c 
u 00 
o 
c S 
fc II 
l l 
c B 
< « - . ts 
o > 
§ ^ 
u II 
o 
c 
u 
•o 
u 
> 
IS 
u 
_> 
ex, 
3 
z 
I 
c u 
u 
T3 
c 
3 
C 
o 
J 
I 
1 
(3 
I 
S 
M) 
C 
g> 
o 
c 
(U 
• 4 - * c o o 
o 
O. 
tn O 
- 5 "5 
EX a> 
o .S 
^ .ti 
.^.2 
ID " 
t? ^ 
C3 O 
•a io 
s > 
r> 
« "S 
o c 
^ (U 
O 60 
,4> O 
to i3 
w -a 
U t/J 
«« St 
li-i \ 0 s o V-) VO VO OO 
t-- oo (N rfi •rf in >n 
^ ^ <N (S (N (N (N 
o o o o o o o 
m >o i n •^ r - vo CT\ OS o •<«• VI vo r^ r^ 
>-« C< fNj Oj rJ tN CN 
o o o o o o" o 
<r> vo vo vo vi Tj- r~ 
w-> vo o •—I <N m m 
' ^ --; <N Ol CS <N <N 
o o o o o o o" 
IT) r - ^H o ^ - o j ^^ 
f*l T T '-^ <N • ^ i r i v© 
< * } < ^ - ^ • ^ • ^ - ^ • ^ 
o o o o o o o 
•^ vo vo I/-) iri •rf 1/1 
vo r- Tf VI 00 o\ o 
d f O TJ- - ^ T t T t V I 
o o o o o o o 
VI r- v> v> vo O VO 
O -^ t~~ 00 0^ > — I > — I 
r«i rn rn m r*i •'*; •^ 
o o o o o o o 
O p —• O —' O ^ 
<<<<<<< 
tM PH PH P^ P^ tL4 ^ 
VI 
Q 
00 
•3 S 
00 
c 
•r a> 
> 
00 m 
C/5 C/3 O! 
O O C/D O O 5r 
0 0 ^ 
m (N VI 
0 0 0 
0 0 0 
0 0 0 
« S 2 
o 
o 
C8 
a 
c 
l i i 
•-H ^H vo VO vo v> 00 
rr, Ti- vo r^ ^ 00 00 
• ^ ^ —I - ^ T l - - ^ ^ 
0 0 0 0 0 0 0 
vo v% v> s o r~ r»^ 00 
TJ- V> 0 0 0 \ CTN O O 
- ^ •—I - ^ >-H ^ t N <N 
0 0 0 0 0 0 0 
VO vo so v> rr VO t--
•—' <N •^ VI r<l so vo 
.—I ,—1 ,—I ^ H VO T—I —1 
o o o o o o' o 
Z ;£ ^ ;£ % £ ^ 
O Q — Q ^ O ^ 
< <<<<<< 
b PH Px pL, PH PH PH 
!•§ 
c 
3 
60 
f! 
'II 
Iff 
11 
u 
•3 
o 
c u 
o 
> 
u 
VI 
V 
3 
CO 1 
optimum showing an increase of 65.57% at vegetative stage and was followed by 
WWXFA0N30 and WWXFA10N20 and the minimum effect was shown by 
GWxpAoNo i.e., the control whereas at flowering and fruiting, the interaction 
combinations gave non-significant values. 
4.1.2.5 Potassium content 
The combination, FA10N30 proved to be optimum at all the stages showing 
an increase of 39.88%, 48.18% and 42.10% over the control and was followed by 
FA0N30 and FA10N20. The minimum effect was shown by FAQNO i.e., the control 
(Table 16). Waste water proved beneficial showing an increase of 13.86%, 
13.91% and 13.15% over ground water at all the growth stages. Among various 
interactions, WWxFAioNso proved to be optimum showing an increase of 56.00% 
and 69.11% during vegetative and flowering stages and was followed by 
WWxFAoNso and WWXFA10N20. The minimum value was shown by GWXFAQNO 
i.e., the control whereas, at fhiiting stage, the interaction combinations proved to 
be non-significant. 
4.1.2.6 Net photosynthetic rate (PN) 
The combination FA10N20 proved optimum at flowering stage showing an 
increase of 7.31% followed by FAioNio which was at par with FA0N30 and 
followed by FAQNIO and the minimum effect was shown by FA10N30 (Table 17, 
Fig.3). Waste water proved to be more effective showing an increase of 5.55% 
over groxmd water at flowering stage. Among various interactions, GWXFA10N20 
proved to be optimum showing an increase of 25.00% and was followed by 
WWXFA0N30, WWxFAoNo, WW FA0N20, GWxFAioNio, and GWXFAQNIO which 
was at par with WWXFA10N30. The minimum effect was shown by GWXFAIQNSQ. 
4.1.2.7 Transpiration rate (Tm) 
FA10N20 proved optimum combination showing an increase of 4.30% over 
the control followed by FA0N30 showing significantly same effects and FAQNIQ. 
The minimum effect was shown by FA10N30 (Table 17). Waste water proved to be 
effective in increasing transpiration rate with an increase of 5.62% over the 
ground water. Among various interactions, WWXFA0N30 proved optimum 
showing an increase of 4.56% followed by GWXFA10N20, WWXFAQNIO, 
WWxFAioNio, and WWXFA10N20. The minimum effect was shown by 
GWxFAioNso. 
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4.1.2.8 Internal carbon dioxide concentration (Ci) 
FA10N20 proved to be optimum showing an increase of 3.55% and was 
followed by FAoNjo and FAQNO i.e., the control. The minimum value was shown 
by FA10N20 (Table 17). Application of waste water proved beneficial showing an 
increase of 1.17% over ground water. Among various interactions, WWXFA10N20 
proved to be optimum showing an increase of 6.83% and was followed by 
WWxFAoNio, GWxFAoNio and GWxFAoNo. The minimum effect was shown by 
WWx FA10N30. 
4.1.2.9 Stomatal conductance (gs) 
FA10N20 proved optimum in increasing stomatal conductance showing an 
increase of 17.18% and was followed by FAoNjo over the control. The minimum 
value was shown by FA10N30 (Table 18). Application of waste water proved 
efficacious showing an increase of 9.82% over ground water. Among various 
interactions, WWXFA10N20 proved optimum in increasing stomatal conductance 
with an increase of 25.16% followed by WWXFAQNIO, WWXFAQNSO over the 
control. The minimum value was shown by WWxFAioNjo. 
4.1.2.10 Water use efficiency (WUE) 
FA10N20 proved to be optimum showing an increase of 7.38% followed by 
FA10N30 showing significantly same value and in turn was followed by FA0N20, 
FAioNio over the control. The minimum value was shown by FAoNio (Table 18). 
Waste water proved efficacious showing an increase of 10.46% over ground 
water. Among various interactions, WWxFAioNio proved optimum in increasing 
water use efficiency showing an increasing of 17.14% and was followed by 
WWXFA10N20, WWXFA10N30, and WWXFA0N30 over the control. The minimum 
effect was shown by GWXFA0N30. 
4.1.3 Yield parameters 
4.1.3.1 Number of pods plant* 
The combination FA10N20 proved effective for increasing number of pods 
showing an increase of 38.74% over the control and was followed by FAioNio, 
FAQNIO showing similar effects. FAoNo recorded minimum value (Table 19). 
Waste water proved beneficial for increasing number of pods per plant followed 
by ground water and gave significant increase of 40.55% over ground water. 
Among the various interactions, WWXFAQNSO proved superior showing an 
increase of 111.64% followed by WWXFA10N20 which was at par with 
33 
.1 
to 
a <u 
to 
o 
o 
E, 
o 
I 
o 
C 
O 
o 
CD 
E 
2 
CO 
T3 C 
OS 
o 
c 
^ ^ 
U 00 
<n C 
ij ^ 
« o 
§ 1 
.- -a 
u c 
tS <« 
U 00 
> '5 
c o 
OS (O 
O ^ 
»- s 
%i 
•X3 "O 
C u, 
3 U 
O T3 
& § 
= 1 
o o 
^ & 
tq o 
E2 g 
ON u-> O t - vo Tt r f 
m <r) 00 VO VO <N rj-
r-- 00 vq vo 00 r-; vi 
o o o o o o o 
c^ • * (N O O t-- tN 
o vo OO t-- r^ vo vo 
t~- ON vo vo ON 00 Tt 
o c> o o o o o 
i/n vo </^  fn <^ o in 
t ^ TT ON VO VO OO <S 
r-~ r - vo so t-~ <n NO 
o o o o o o o 
c 
o 
5*2 
o 
c 
u 
6 
VO ^ v i s o ON NO ON 
r- vo OO 00 OO i~- 00 
o o o o o o o 
v o - ^ >i-) ir> 0 \ • ^ ON 
t-~ r~- O OO O N ON ON 
<-; - ^ CN ^ ^ - ^ 
o o o o o o o 
l o Tj- Ti- r~- OO r-- 00 
r - NO vo 00 t-- m r^ 
o o o o o o o 
O O —' O — O — 
< <<<<<< 
lb pL| IJH b bn tM |Xi 
>n 
Q 
on 
_ o 
r~- ON CO 
—> O fS 
o o o 
o o o 
(N NO r~-
^ o .— 
o o o 
o o p 
o o o 
C o 
<i> S o t i III 
o 
^ 
o 
•o 
00 
c u 
« * t . S «3 
fe II 
>. i-T 
a a 
s-g 
g o 
3 BO 
u II 
« ^ 
T3 « 
> ^ 
« •-
WWxFAoNio and followed by WWxFAioNio and WW^FAoNjo- Therefore, 
WWXFA10N20 proved to be optimum combination. 
4.1.3.2 Pod length plant' 
The treatment FA10N20 proved effective for pod length with an increase of 
6.48% and followed by FA0N30, FAioN3owith an increase of 2.35% and 1.76% 
respectively. FA0N20 was at par with FA10N30 (Table 19). Waste water proved 
superior over ground water showing an increase of 15.75%. Among various 
interactions, WWXFAQNJO proved optimum showing an increase of 15.00% 
followed by WWXFAQNSO, WWXFAIONIO, and showing similar results. 
WWXFA10N20 was at par with WWXFAIONIO followed by WW^FAQNIO-
Therefore, WWxFAioNio proved to be optimum combination. 
4.1.3.3 Pod weight plant' 
The combination FA10N20 proved superior in enhancing pod weight 
showing an increase of 7.74% followed by FA0N20 and FAioNio showing similar 
effects. Therefore, the treatment FAioNio proved optimum (Table 19). Waste 
water proved more effective than ground water with an increase of 5.74% over 
ground water. Among the various interactions, WWXFA10N20 gave better results 
showing an increase of 13.17% and was followed by WWXFA0N20 and 
WWxFAoNso. WWXFAQNSO was at par with WWXFA10N30. Therefore, 
WWXFA10N20 proved to be optimum combination. 
4.1.3.4 Number of seeds pod"' 
The combination FA10N20 proved optimum combination for showing an 
increase of 14.94% followed by FA0N30 with similar effect as FA10N20. FAioNio 
was at par with FA10N30 (Table 20). Waste water proved superior for increased 
number of seeds and gave significant increase of 45.57% over GW. Among 
various interactions, WWXFA10N30 proved optimum showing an increase of 
59.97% over control and was followed by WWxFAioNio and WWXFA0N20 with 
an increase of 49.92% showing similar effects and the value seems to be at par 
with WWXFA0N30. WWXFA0N20 was at par with WWXFAQNSO. Therefore, 
WWxFAioNio proved to be optimum combination. 
4.1.3.5 100-seed weight 
The combination FA10N20 proved optimum for increasing 100-seed weight 
among fly ash nitrogen combination and showed an increase of 3.92% followed 
by FA0N20 showing similar effects with an increase of 3.92% over control (Table 
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Fig.3 Effect of ground water (GW) and waste water (WW) on photosynthetic rate, protein 
content and seed yield of green gram (Vigna radiata L.) grown with different levels 
of nitrogen at harvest. 
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20). Waste water proved beneficial and recorded an increase of 2.58% over 
ground water. Among different interactions, WWxFAoNio gave better results 
showing an increase of 8.94% and was followed by WWxFAioNio, WWxpAoNao 
and GWXFA10N20 both showing similar effects. The minimum effect was shown 
by GWxFAoNo. 
4.1.3.6 Seed yield plant* 
The combination FA10N20 proved superior in enhancing the seed yield 
showing an increase of 75.91% followed by FA0N30, FA0N20 and FA10N30 all 
showing significantly different values over the control (Table 20, Fig.3). Waste 
water proved beneficial in enhancing seed yield showing an increase of 2.32% 
over ground water. Among various interactions, WWXFA10N20 proved optimum 
showing an increase of 64.86% and was followed by GWXFA10N20, WWXFAQNSO, 
GWXFA0N20 all showing significantly different values. The minimum value was 
shown by WWXFAQNQ. 
4.1.3.7 Biomass plant"' 
FA10N20 gave optimum value showing an increase of 58.75% and was 
followed by FA0N30, FA0N20 all showing significantly different effects over the 
control (Table 21). Waste water increased the biomass significantly showing an 
increase of 6.21% over groimd water. Among interactions, WWXFA10N20 proved 
optimum as it increased the biomass by 70.30%. It was at par with GWXFA10N20 
and was followed by WWXFAQNBO showing an increase of 65.92% and 61.49%. 
Therefore, WWXFA10N20 proved to be the best combination. GWXFAQNQ gave 
least value. 
4.1.3.8 Harvest index 
The combination FA10N20 proved optimum showing an increase of 9.77% 
harvest index followed by FA10N30 with 3.40% increase over the control. Waste 
water proved beneficial showing an increase of 4.92% over ground water (Table 
21). Among interactions, WWXFAQNQ proved best showing an increase of 
30.25%.It was at par with WWXFA10N20 followed by GWXFA10N20. Therefore, 
WWXFA10N20 proved best combination. 
4.1.3.9 Seed protein content 
FA10N20 proved optimum as it increased the seed protein content about 
7.35% and was followed by FA0N30, FA10N30 all showing significantly different 
values over the control (Table 21, Fig.3). Waste water proved beneficial regarding 
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parameter as it increased 4.09% protein content over ground water. Among 
interactions, WWxpAioNio proved optimum showing an increase of 12.12% and 
was followed by WWxpAoNso, WWxpAioNso with an increase of 11.60% and 
11.55%. The minimum value was shown by GWXFAQNO. 
4.2 Experiment II 
4.2.1 Growth parameters 
4.2.1.1 Shoot length plant"' 
Among various fly ash phosphorus combinations, the treatment FA10P30 
proved better in increasing the shoot length of the plant at all the three stages 
recording an increase of 4.46%, 6.32% and 2.53% over the control (Table 22). 
Waste water proved effective in increasing the shoot length at all the three 
sampling stages showing an increase of 13.60%, 20.97% and 3.07% over ground 
water and at fruiting stage, the values were at par. 
Among the various interactions, WWXFA10P30 proved optimum at the 
vegetative stage showing an increase of 10.41% and was followed WWXFAQPO, 
WWXFA10P45, and GWxPAoPo all showing similar effect. At flowering stage, 
however, WWXFAQPO gave best results showing an increase of 25.68% followed 
by WWxFAoPso, WWXFA0P45, WWxFAioPio all showing similar effect therefore 
at vegetative and flowering, WWxpAioPao proved optimum combination whereas 
at fruiting stage, GWXPA10P30 gave best results with an increase of 4.07% 
followed by OWXPAQPO and WWxPAoPao-
4.2.1.2 Root length plant' 
Among the various fly ash and phosphorus combinations, the treatment 
FA10P30 proved effective showing an increase of 5.55%, 4,63% and 19.55% of 
root length of the plant at all the three sampling stages followed by PAQPO at 
vegetative stage. FA10P30 was at par with FA10P45 followed by FA0P15 at flowering 
stage whereas at fruiting stage, PAioPso was followed by FA0P30 and FA10P15 
(Table 23). Waste water proved beneficial than ground water at all the sampling 
stages showing an increase of 5.26%, 10.57% and 13.30% respectively. 
Among the various interactions, WWXFA10P45 proved best at vegetative 
stage followed by WWXFAQPSO, GWXFAIQPSO, WWXFAIQPSO and GWXFAQPO all 
showing similar values thus proving WWxpAioPso to be the optimum 
combination. WWxpAioP^o also proved optimum during flowering and fruiting 
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stage and these interactions showed an increase of 4.60%, 27.43% and 36.98% 
respectively at all the three sampling stages. 
4.2.1.3 Shoot fresh weight plant' 
Among fly ash phosphorus combinations, FA0P30 gave maximum values at 
all the three stages of sampling showing an increase of 9.79%, 8.90% and 8.90% 
respectively and followed by FA0P30 and FA0P15 at vegetative and FA0P30 was 
followed by FA10P15 and FAQPO at flowering stage. At fruiting stage, FA10P30 was 
followed by FA10P15 and FAQPO (Table 24). Waste water proved efficacious over 
ground water giving an increase of 7.09%, 10.37% and 16.61% over control. 
Among the various interactions, WWXFA10P30 proved optimum at 
vegetative stage showing an increase of 19.84% and was followed by 
GWXFA10P30, WWXFA0P30, WWxFAioPis which are not significantly different. 
At flowering stage, WWFA0P45 was followed by GWXFAQPSO and GWXFAIQPSO 
showing an increase of 15.50% and 12.15% and were not significantly different. 
At fruiting stage, WWXFA0P45 gave maximum values and was followed by 
GWxFA,oP3o, WWxFAioPso and WWxFAoPis-
4.2.1.4 Root fresh weight plant' 
Among the fly ash phosphorus combinations, FA10P30 showed optimum 
combination in increasing root fresh weight with an increase of 15.08%, 99.02% 
and 9.69% at all the stages of sampling respectively. This combination was 
followed by FA I oP 15 and FA0P30 at vegetative stage whereas at flowering, FA0P30 
and FAioP45- At fruiting stage, FA0P30 was followed by FAQPO and FA10P15 (Table 
25). Waste water proved effective in increasing fresh weight of root at vegetative, 
flowering and fruiting showing an increase of 8.62%, 52.94% and 6.73%. 
Among the various interactions, GWxFAioPso showed maximum values at 
vegetative showing an increase of 29.95% and was followed by WWXFA0P30 and 
WWxFAioPso all showing significantly similar effects thus WWXFA10P30 proved 
optimum. At flowering stage, WWXFAQPSO and WWXFA10P30 showed similar 
effects thus, WWxpAioPso proved best whereas at fruiting, WWxFAioPso proved 
optimum combination. 
4.2.1.5 Leaf number plant"' 
Among the various fly ash phosphorus combinations, FA0P30 gave 
optimum value at all the three stages of sampling showing an increase of 10.87%, 
13.64% and 6.54% respectively and was followed by FA0P4S and FA10P15 at 
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vegetative and FA10P45 at flowering and fruiting and the values were not 
significantly different (Table 26). Waste water proved beneficial in enhancing leaf 
number at all stages showing an increase of 14.06%, 10.42% and 31.44% over 
ground water. 
Among the various interactions, WWXFA0P45 proved optimum during 
vegetative stage showing an increase of 42.87% followed by WWxFAioPis and 
WWxPAioPao- WWxpAioPso was optimum during flowering stage with an 
increase of 27.75% and was followed by GWXFA10P45 and WWXFA0P45, 
WWxpAoPo gave best results during fruiting and showed an increase of 65.46% 
and was followed by WWXFA0P45 and WWxFAoPso-
4.2.1.6 Leaf area plant' 
Among the various fly ash and phosphorus combinations, FA10P30 proved 
optimum at all the three stages of sampling with an increase of 8.65%, 10.44% 
and 7.52% respectively. FA10P30 was followed by FA0P15 at vegetative phase, 
FA10P45 at flowering and FAQPO at fhiiting stage (Table 27, Fig.4). Waste water 
proved effective at vegetative, flowering and fruiting stages showing an increase 
of 10.15%, 9.08% and 21.14% over ground water. 
Among the interactions, WWXFAQPSO showed optimum combination in 
increasing leaf area and was followed by WWXFAIQPBO showing similar effects 
thus, WWxpAioPso proved optimum at vegetative whereas at flowering, 
WWXFA10P45 proved best combination and was followed by GWXFA10P30 and 
WWXFA0P45 respectively. At fruiting, WWxpAioPso proved best followed by 
WWXFA10P45 and WWXFA0P45. 
4.2.1.7 Nodule number plant' 
Among the fly ash phosphorus combinations, FA10P30 proved optimum 
combinations in increasing nodule number at all the three sampling stages 
showing an increase of 59.44%, 34.52% and 18.92% respectively. These 
combinations were followed by FAQPO at vegetative which was at par with FA0P15 
whereas at flowering stage, FA10P30 was followed by FA0P30 and FA0P45. At 
fruiting, FA10P30 was followed by FA0P45 and FA10P45 (Table 28, Fig.4). Waste 
water proved beneficial in enhancing the nodule number at all the three successive 
stages of sampling, with an increase of 17.14%, 31.27% and 5.53% respectively. 
Among the various interactions, WWxpAioPso proved optimum at 
vegetative and flowering stage having an increeise of 111.15% emd 42.18% 
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Fig.4 Effect of ground water (GW) and waste water (WW) on leaf area and nodule number of 
green gram (Vigna radiata L.) grown with different levels of phosphorus at three 
growth stages. 
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followed by GWxFAoPo and WWxpAoPso respectively whereas at fruiting stage, 
GWXFA0P45 showed best combination in increasing the nodule number and was 
followed by WWxFAoPo and WWxFAioPso-
4.2.1.8 Plant dry weight plant ' 
Among fly ash phosphorus combinations, FA10P30 gave maximum values 
at all the three sampling stages showing an increase of 22.72%, 6.50% and 8.65% 
respectively. FA10P30 was followed by FA0P30 and FA10P15 which was at par with 
FA0P30 at vegetative stage whereas at flowering, FA10P30 was at par with FA10P15 
which in turn was at par with FAioP45. At fruiting, FA10P30 was at par with FA0P30 
and followed by FA0P45 (Table 29). Waste water performed better than ground 
water at vegetative, flowering and fruiting stages with an increase of 6.66%, 
16.21% and 4.51%. 
Among the various interactions, WWXFAQPSO gave maximum values at 
vegetative stage and was followed by WWxFAioPso which was at par with 
GWxFAioPso- At flowering stage, WWXFA0P45 gave maximum values with an 
increase of 31.18% and was followed by GWxFAioPis which was at par with 
WWXFAQPIS. At fiiiiting stage, WWXFA0P45 gave maximum values with an 
increase of 8.75% and was followed by GWXFAQPQ. 
4.2.2 Physiological parameters 
4.2.2.1 Nitrate reductase activity (NRA) 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum at 
all the sampling stages showing an increase of 24.74%, 26.01% and 28.33% 
followed by FA0P45 at vegetative, flowering and fruiting stages respectively. The 
minimum value was recorded by FAQPO (Table 30, Fig.5). Waste water proved 
efficacious in increasing the NR activity showing an increase of 13.48%, 13.68% 
and 10.94% at all the three growth stages over ground water. 
Regarding interactions, WWXFA10P30 proved to be optimum showing an 
increase of 43.09%, 43.17% and 42.84% at the successive stages of sampling and 
was followed by WWXFA0P45, WWXFA10P45. The treatment FA10P30 gave better 
results when given with waste water as well as ground water. 
4.2.2.2 Total chlorophyll content 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum 
in increasing total chlorophyll content at all the successive stages of sampling 
showing an increase of 23.62%, 23.87% and 24.00% followed by FA0P45 and 
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Fig.5 Effect of ground water (GW) and waste water (WW) on leaf nitrogen content and 
nitrate reductase activity of green gram (Vigna radiata L.) grown with different levels 
of phosphorus at three growth stages. 
FA10P45 at vegetative and fruiting stages whereas FA10P45 and FA0P45 at flowering 
stage. Here also the minimum value was shown by FAQPO (Table 31). Application 
of waste water enhanced total chlorophyll content showing an increase of 9.32%, 
14.19% and 11.65% over ground water. 
Among various interactions, WWxFAioPso proved optimum showing an 
increase of 34.88% and 39.07% at vegetative and fruiting stages followed by 
WWXFA0P45. GWXFAQPO gave minimum values. At flowering stage the 
interaction was not significant. 
4.2.2.3 Nitrogen content 
FA10P30 proved optimum in increasing leaf nitrogen content at all the 
successive stages of sampling showing an increase of 20.74%, 21.25% and 
21.81% followed by FA0P45 and the minimum effect was recorded under FAQPO 
(Table 32, Fig.5). Waste water enhanced leaf nitrogen content when compared to 
ground water. The increase was 14.42%, 14.71% and 14.42% by waste water.over 
ground water. 
Among various interactions, WWxFAioPso proved optimum with an 
increase of 40.24%, 39.66% and 39.89% over the control and was followed by 
WWXFA0P45, WWXFA10P45. The minimum effect was shown by GWxFAoPo. 
4.2.2.4 Phosphorus content 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum 
in increasing leaf phosphorus content at all the successive stages of sampling 
showing an increase of 32.46%, 43.03% and 48.00% and was followed by FA0P45 
and FA10P45 at all the three stages. Here also the minimum value was recorded 
under FAQPO (Table 33). Waste water proved to be effective than ground water in 
increasing leaf phosphorus content showing an increase of 16.48%, 15.54% and 
15.54% at all the three stages of sampling. 
Regarding interactions, WWxFAioPso proved most effective combination 
in increasing phosphorus content showing an increase of 57.46%, 69.65% and 
85.71% at all the three growth stages and was followed by WWXFA0P45 and 
WWXFA10P45. The minimum value was recorded by GWXFAQPO. 
4.2.2.5 Potassium content 
FA10P30 proved best combination in increasing leaf potassium content with 
an increase of 35.77%i, 39.74% and 41.62% at all the three stages and was 
followed by FA0P45 and FAioP45- Here also the minimum value was shown by 
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FAoPo (Table 34). Application of waste water proved effective in increasing 
potassium content with an increase of 13.87%, 7.22% and 10.90%) over ground 
water a^  vegetative, flowering and fruiting stages respectively. 
Among various interactions, WWxFAioPao proved most favorable 
combination in increasing potassium content showing an increase of 51.41% and 
58.28% at vegetative and ftniting stages and was followed by WWXFA0P45 and 
WWXFA10P45. The minimum value w£is recorded by GW^FAQPO whereeis at 
flowering stage, the interaction was non significant. 
4.2.2.6 Net photosynthetic rate (PN) 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing net photosynthetic rate showing an increase of 37.63%) and was 
followed by FA0P30 all showing significantly different values and the minimum 
value was shown by FAQPO (Table 35, Fig.6). Application of waste water proved 
superior in increasing net photosynthetic rate showing an increase of 4.76% over 
ground water. 
Among various interactions, WWXFA10P45 proved optimum in increasing 
net photosynthetic rate with an increase of 40.56%) followed by WWXFA10P30, 
GWXFA0P30 which was at par with GWXFA10P30 and the minimum effect was 
shown by GWXFA10P45. 
4.2.2.7 Transpiration rate (Tm) 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing transpiration rate showing an increase of 3.10%) and was followed by 
FA0P30 and the minimum value was shown by FA0P45 (Table 35). Application of 
waste water proved superior in increasing transpiration rate showing an increase 
of 1.56% over ground water. 
Among various interactions, WWxFAjoPis proved optimum in increasing 
transpiration rate with an increase of 11.53% followed by WWXFAQPIS, 
GWXFA0P30 which was at par with GWXFA10P30 and the minimum effect was 
shown by GWxpAioPis. 
4.2.2.8 Internal carbon dioxide concentration (Ci) 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing intercellular carbon dioxide showing an increase of 2.19% and was 
followed by FA10P15. The minimum value was shown by FA10P45 (Table 35). 
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Waste water proved superior in increasing intercellular carbon dioxide showing an 
increase of 0.57% over ground water. 
Among various interactions, GWxFAioPis proved optimum in increasing 
intercellular carbon dioxide with an increase of 1.42% followed by GWxpAioPso 
which was at par with GWxpAoPo and the minimum effect was shown by 
GWxFA,oP45 
4.2.2.9 Stomatal conductance (gs) 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing stomatal conductance showing an increase of 25.35% and was followed 
by FA0P30 and the minimum value was shown by FA0P45 (Table 36). Waste water 
proved superior in increasing stomatal conductance showing an increase of 6.94% 
over ground water. 
Among various interactions, WWxFAioPao proved optimum in increasing 
stomatal conductance with an increase of 69.97% which was at par with 
WWXFA0P30 and was followed by GWxpAioPis, GWXFAQPIS and the minimum 
effect was shown by WWxpAioPis. 
4.2.2.10 Water use efficiency (WUE) 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing water use efficiency showing an increase of 35.97% and was followed 
by FA0P30 and FA0P15 and the minimum value was shown by FAQPO (Table 36). 
Waste water proved superior in increasing water use efficiency showing an 
increase of 7.59% over groimd water. 
Among various interactions, WWXFA10P30 proved optimum in increasing 
water use efficiency with an increase of 41.72% followed by GWXFA0P30 which 
was at par with WWXFA10P45 and the minimum effect was shown by 
GWXFA10P45. 
4.2.3 Yield and quality parameters 
4.2.3.1 Number of pods plant' 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum 
in increasing pod number plant'* showing an increase of 3.24% which was at par 
with FAQPO which in turn was at par with FA10P15. The minimum value was shown 
by FAoPi5 (Table 37). Waste water proved efficacious in increasing pod number 
planf^ showing an increase of 13.83% over ground water. The interactions 
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between fly ash, phosphorus, ground water and waste water proved to be non 
significant. 
4.2.3.2 Pod length plant * 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum 
in increasing pod length plant"' showing an increase of 29.55% and were followed 
by FA0P15, FA0P30 and FA0P45. The minimum value was shown by FAQPO (Table 
37). Application of waste water proved beneficial in increasing pod length plant"' 
showing an increase of 23.87% over ground water. Effect of water treatment and 
their interaction with fly ash and phosphorus was non significant. 
4.2.3.3 Pod weight plant"' 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum 
in increasing pod weight plant"' showing an increase of 13.50% and was followed 
by FAQPO. The minimum effect was shown by FA10P45 (Table 37). Application of 
waste water proved beneficial in increasing pod weight plant"' showing an 
increase of 28.28% over ground water. Effect of water treatment and their 
interaction with fly ash and phosphorus was non significant. 
4.2.3.4 Number of seeds pod' 
Among fly ash phosphorus combinations, FA10P30 proved to be optimum 
in increasing seed number pod"' showing an increase of 6.66% and was followed 
by FAQPO, FA0P15, FA0P30 and FA0P45 all are significantly not different. The 
minimum value was shown by FAjoPis (Table 38). Application of waste water 
proved beneficial in increasing seed number pod"' showing an increase of 17.13% 
over ground water. Effect of water treatment and their interaction with fly ash and 
phosphorus was non significant. 
4.2.3.5 100-seed weight 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing 100-seed weight showing an increase of 0.60% and was followed by 
FA0P45 and FA0P15 which was at par with FAQPO .The minimum value was shown 
by FA10P45 (Table 38). Application of waste water proved beneficial in increasing 
100-seed weight showing an increase of 2.72% over ground water. Among 
various interactions, WWXFA10P30 proved optimum in increasing 100-seed weight 
with an increase of 3.55% followed by WWXFAQPO, WWXFAQPIS, WWxFAioPis 
all are significantly not different and WWxFAioPis was at par with WWXFA0P45. 
The minimum value was given by GWXFA10P45. 
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Fig.6 Effect of ground water (GW) and wastewater (WW) on photosynthetic rate, protein 
content and seed yield of green gram (Vigna radiata L.) grown with different levels 
of phosphorus at harvest. 
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4.2.3.6 Seed yield plant' 
Among fly ash phosphoras combinations, FA10P30 proved best in 
enhancing seed yield plant"' showing an increase of 17.29% and was followed by 
FA10P15, FA0P15 which was at par withFAoP45. The minimum value was shown by 
FA0P30 (Table 38, Fig.6). Application of waste water proved superior in increasing 
seed yield plant"' showing an increase of 11.73% over ground water. Among 
various interactions WWxFA10P30 proved optimum in increasing seed yield plant'' 
with an increase of 28.28% followed by WWxFAioPis. WWXFA0P45 which was at 
par with WWXFAQPIS. The minimum value was given by GWXFA10P45. 
4.2.3.6 Biomass plant"' 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing biomass per plant showing an increase of 13.01% and was followed by 
FA10P45 which was at par with FAoPis.The minimum value was shown by FA10P15 
(Table 39). Application of waste water proved superior in increasing biomass 
plant"' showing an increase of 31.06% over ground water. Among various 
interactions, WWXFA10P30 proved optimum in increasing biomass plant"' with an 
increase of 46.96% followed by WWXFA10P45 which was at par with 
WWxFAoFis.The minimum value was given by GWXFAQPO. 
4.2.3.8 Harvest index 
Among fly ash phosphorus combinations, FA10P15 proved best in 
enhancing harvest index showing an increase of 10.59% and was followed by 
FA10P30 and FAQPO- The minimum value was shown by FA10P45 (Table 39). 
Application of ground water proved superior in increasing harvest index over 
waste water. Among various interactions, GWxFAioPis proved optimum for 
' harvest index with an increase of 6.87% followed by GWXFAQPO. Rest of the 
combinations showed decrease in the value and the minimum effect was given by 
WWXFA0P30. 
4.2.3.9 Seed protein content 
Among fly ash phosphorus combinations, FA10P30 proved best in 
enhancing seed protein content showing an increase of 49.65% and was followed 
by FA10P15 (Table 39, Fig.6). Application of waste water proved superior in 
increasing seed protein content showing an increase of 17.08% over ground water. 
Among various interactions, WWxFAioPso proved optimum in increasing seed 
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content with an increase of 99.01% followed by WWxpAioPis which was at par 
with WWXFA10P45 and rest of the combinations showed similar effects. 
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Chapter-5 
DISCUSSION 
A perusal of the results described in the earlier chapter clearly indicates 
that irrespective of all other inputs, Vigna radiata performed better when waste 
water was used as a source of irrigation water. Waste water from the urban source 
have a great potential for the reuse as a source of water, nutrients and soil 
conditioning agent (Cameron et al, 1996). It contains nutrients of fertilizing value 
that enhances growth and productivity of crop plants (Shah et al, 2004). Among 
them nitrogen for example was present in both ionic forms (Table 3b) and as also 
clearly pointed out by (Kirkby, 1981), suitability of NH4^ and NO3" depends upon 
many factors and normally highest growth rates and yield are obtained by 
combined supply of both ions as also recorded in the present study (Tables 4-11, 
19-29 & 37-39). This is probably because of the fact that the from of nitrogen 
plays a key role in cation anion relationship in plants as sufficient quantity of 
cations and anions taken up are represented by either NUt"^  or NO3" (Vanlauwe et 
al, 2002) Thus the observed nutritional superiority of the waste water containing 
both ammonium-N and nitrate-N was possibly the reason for the better 
performance of the crop receiving it as a source of irrigation water. The sewage 
waste water had an average EC, pH, TDS well within the permissible limits of 
FAO guidelines for irrigation water quality (Table 3b). The major effect of EC 
and TDS on crop productivity is the inability of the plants to compete with ions in 
soil for water. 
The vegetative growth includes the formation of new leaves and attaining 
more fresh mass, the involvement of N through protein metabolism controls them. 
This was also clearly indicated by the observed enhanced growth (Tables 4-10 & 
22-28) and N, P and K contents in leaves (Tables 14-16, Fig.2 & 32-34, Fig.5) 
under waste water irrigation in both the two experiments. A substantial increase in 
the dry matter was also observed (Tables 11 & 29) because of the increased leaf 
area (Tables 9, Fig.l & 27, Fig.4) which might have influenced the light 
absorption within the plant and thereby causing the stimulation of photosynthetic 
rate (PN) (Tables 17, Fig.3 & 35, Fig.6), thereby optimizing the CO2 assimilation 
and photosynthate production. 
46 
The extent of leaf formation and its area influence the light absorption 
within a plant and the mechanism behind the increased growth has been attributed 
to increased leaf area (Mc Naughton et al, 1983). The expansion of the individual 
leaves and branching in grasses leading to increased surface area is brought about 
by larger N supply (Gastal and Lemaire, 2002) probably through its effect on cell 
division and cell expansion (Lemaire, 2001). The increase in the chlorophyll 
content and photosynthesis with the use of waste water (Tables 13 & 17) was also 
reported by (Gupta et al, 2005), thus suggesting the possible involvement of the 
nitrogen besides various other nutrients for the increase in the productivity. 
Another essential nutrient, P has been found to have greater impact on 
growth than on photosynthesis (Rao et al, 1987a; Rao and Terry, 1989). In both 
the experiments, better growth of plants under waste water irrigation containing N 
(6.50), P (1.22) and K (16.67) mgl"' (Table 3b) together with other essential 
nutrients. It may also be pointed out that application of phosphorus has its 
limitation as P applied to soil is very rapidly changed to less soluble forms and 
therefore becomes less available with time and therefore regular supply of waste 
water as also reviewed in chapter II could have ensured the availability of P thus 
improved growth (Tables 22-29) including nodulation (Tables 10, Fig.l & 28, 
Fig.4) which ultimately contributed to higher yield and protein content (Tables 
19-21, Fig.3& 37-39, Fig.6). 
Potassium in waste water plays a significant role in stomatal opening and 
closing (Fischer and Hsiao, 1968) and under light condition the guard cells 
produce abundant ATP, thus supporting the active K^ uptake with sufficient 
energy (Humble and Hsiao, 1970) resulting in high turgor pressure thus causing 
opening of stomata as also observed under present study where significantly 
higher stomatal conductance (gs) was also observed (Tables 18 & 36) in plants 
receiving waste water. 
It is also well known that N is fully utilized for the crop production only 
when K is adequate (Mengel and Kirkby, 1982) and presence of K in waste water 
ensured its continuous supply and thereby might benefited the crop only due to its 
own physiological role (Wolf et al, 1976) but also by enhancing the effect of N. 
This was also evident because higher N and K content was observed in plants 
receiving waste water as a source of irrigation water (Tables 14, 16 & 32, 34). 
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In addition to these three major macronutrients explained above, the 
presence of some essential nutrients like sulphur could have played a vital role in 
plant metabolism and its deficiency is common (Murphy and Boggan, 1988). 
However its presence in waste water ensured its supply and its incorporation in 
proteins and enzymes might have resulted in improved growth performance of the 
crop. The application of nitrogen in the form of urea is ineffective imless sulphur 
is applied simultaneously and its deficiency reduces leaf area (Wang et al, 1976) 
t^esides also decreasing the chlorophyll content. Similarly Ca being an essential 
component of cell wall is involved in the cell division (Schmit, 1981) while Mg^ "^  
another important macronutrient is a central atom of chlorophyll which is required 
for structural integrity of chloroplast (Moorby and Besford, 1983) on which the 
rate of photosynthesis is directly dependent while the micronutrient CI" could have 
also played an important role in stomatal regulation. All these factors might have 
played a cumulative role in enhancing the growth thereby increasing 
photosynthetic efficiency (Tables 17, 18 & 35, 36) and finally yield of the crop 
(Tables 19-21, Fig.3 & 37-39, Fig.6) receiving waste water as a source of 
irrigation water. 
Proper irrigation management using waste water have the potential to 
meet the requirement of the plant and thereby can lower the fertilizer cost and also 
lessen the environmental degradation problem while the presence of some 
micronutrients in the water makes it an excellent source of plant nutrients as also 
explained earlier. But various studies have revealed that the nutrients only through 
waste water may not be sufficient to meet the plant nutrient requirement resulting 
in yield decreases. However the problem could be overcome by using sufficient 
and balanced effluent and fertilizer management. At the same time effluent may 
also substitute effectively for fresh water for irrigation (Inam et al, 1993; 
Mohammad and Mazahreh, 2003; Tak et al, 2010). Application of waste water is 
being practiced throughout the world at different levels and its beneficial effects 
include increase in the crop yield, soil organic matter, cation exchange capacity 
and soil fertility in general (Weber et al, 1996; Monnet et al, 1996; Aziz et al, 
1999). 
Crop yields are generally limited by three major macronutrients NPK, 
since these are removed by crops comparatively in larger quantity. Soil fertility 
can therefore be maintained by supplying these nutrients as fertilizers, timely and 
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most importantly in adequate quantities. In the present study in addition to 
inorganic fertilizers N and P in two different experiments along with fixed basal 
dose of K together with and without fly ash which has the potential in agriculture 
as soil amendment were taken. In both the experiments 10 % fly ash together with 
the lower fertilizer dose of N20 and P30 proved better in increasing the growth and 
yield parameters (Tables 4-11, 19-29, 37-39). Fly ash is known to increase soil 
fertility by increasing its texture (Chang et al, 1989) and water holding capacity 
(Sharma et al, 1990), thereby affecting the plant growth indirectly. Its most 
important direct role is to correct the nutrient balance in the medium (Hill and 
Lamp, 1980) as some of the naturally occurring nutrients enrich it (Klein et al, 
1975). It is known to be source of B (Wallace and Wallace, 1986), Ca (Martens 
and Beahm, 1976), Cu (Wallace et al, 1980), K (Martens et al, 1970), Mg (Hill 
and Lamp, 1980), Mo (Gary et al, 1983) and S (Elseewi et al. 1978). Thus the 
presence of these nutrients in the fly ash might have supplemented these nutrients 
along with the fertilizers N and P as the fly ash contains no nitrogen and has very 
little plant available phosphorus. 
In Experiment I, nitrogen at the rate of 20 kg ha'' together with 10 % fly 
ash proved good for growth (Tables 4-11) and majority of yield parameters 
(Tables 19-21) including seed yield (Table 20, Fig.3) and protein content (Table 
21, Fig.3). This was probably due to increased growth including leaf expansion 
(Table 9, Fig.l) and their number (Table 8), higher chlorophyll content (Table 13) 
and NR activity (Table 12, Fig.2) which finally led to more pods and the heavier 
seeds (Tables 19 & 20). The same dose together with waste water also proved to 
be the optimum combination. The increase in the yield of Vigna due to N 
application has also been reported by (Mahboob and Asghar, 2002; Ahmad et al, 
2003; Sultana et al, 2009). When its supply is suboptimal, the growth may be 
retarded (Marschner, 2002) confirming the findings of the present study, where 
Nio proved deficient and recorded lower values for leaf area (Table 9), shoot 
fi-esh mass (Table 6), root fresh mass (Table 7) and dry mass (Table 11). 
Similarly when nodulation was considered maximum number of nodule 
formation was recorded in FA10N20 with increased root formation (Table 5). This 
provided greater surface area for the bacterial infection. The crop grown without 
any fertilizer or fly ash recorded minimum nodule formation and crop growth was 
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severely affected as some starter dose of N is always needed even by the 
leguminous plants to grow normally. 
Nitrate reductase levels have been shown to fluctuate in response to the 
changes in the environmental condition, including availability of N (Afiidi and 
Hewitt, 1964) and in the present study higher NR activity was recorded under 
FA10N20 (Table 12, Fig.2) while decrease was observed under higher N dose of 
FA10N30. The induction of NR activity requires very low concentration of nitrate 
suggesting the nitrate is sensed more as a hormone than as a nutrient. (Crawford, 
1995) Under this treatment the leaf chlorophyll content and the NPK contents 
increased and thereby ensured the availability of substrate for protein synthesis 
allowing the development of more and larger chloroplast with extensive thylakoid 
system. The increase in the leaf NPK contents (Tables 14-16, Fig.2) was due to 
the synergistic interplay of three nutrients, which are known to accelerate root 
proliferation, thus extracting more nutrients present in the root zone leading to 
development of larger canopies (Table 5) and greater dry matter accumulation 
(Table 11). There are numerous studies suggesting that the photosynthetic 
capacities of higher plants changes dramatically in response to N-supply (Bondada 
and Syvertsen, 2003; Marchese et al, 2005) as was also observed in our study 
(Tables 17,18) and it is well known that the stimulation of photosynthesis due to 
N have positive effect on pant growth (Tables 4-11). 
In this experiment the best photosynthetic activity with maximum PN, gs 
and WUE (Tables 17 & 18) was recorded under FA10N20. Similarly, total dry 
matter (Table 11) was increased as a result of increased leaf area (Table 9) which 
provided larger area for the interception of solar radiation and thus higher 
photosynthetic rate (Table 17, Fig.3) thereby improved yield attributes with higher 
test weight (Table 20), higher seed yield (Table 20, Fig.3) and with higher protein 
content (Table 21, Fig.3). 
Growth and yield also responded favourably to P application (Experiment 
II) and undoutbtedly it is indispensable for plant growth and development and its 
deficiency retards plant growth, cell and leaf expansion (Marschner, 2002). It has 
many roles in cell division, stimulation of early root growth, hastening plant 
maturity, fruiting and seed production. Application of P thus promoted growth and 
the effect was more pronounced with 10 % fly ash and together with waste water 
irrigation. A comparatively lower dose of phosphorous i.e., P30 proved optimum 
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with 10 % fly ash. Thus the data confirmed the well established role of 
phosphorus together with fly ash which might have proved beneficial as a source 
of several micronutrients and thus promoted tissue and organ formation thereby 
growth, culminating in enhanced leaf area (Table 27, Fig.4) and pod formation 
(Table 37). Expectedly the resulting increased photosynthetic area has a higher 
photosynthetic rate, as reported by (Osman et al, 1977; Longstreth and Nobel, 
1980) producing more dry matter (Table 29). The importance of leaf area index as 
an interception of radiation has also been recognized in field crops (Kvimar et al, 
1997) and is also known to increase the rate of assimilate production per unit leaf 
area (Jacob and Lawlor, 1991) as also observed in the present study (Tables 35, 
Fig.6 & 36). On the contrary, the most striking effect of phosphorus deficiency are 
reduction in leaf expansion and leaf surface area (Fredeen et al, 1989) and also 
number of leaves (Lynch et al, 1991) which was also observed under FA0P30 
which was deficient dose (Tables 26 & 27). 
The inhibition of photosynthesis by P limitation has often been explained 
by depressing Calvin cycle activity in particular and also by decreasing the 
amount and activity of Rubisco (Lauer et al, 1989; Stark et al, 2000), therefore 
lower rate of photosynthesis and activity of various enzymes (Avdeeva and 
Andreeva, 1974). Likewise the decline in stomatal couductance (Table 36) leading 
to decrease in photosynthetic rate (Table 35) was observed in Exp. II. Similarly 
there are reports wherein insufficient P has been shovm to limit chlorophyll and 
protein content (Xu et al, 2007). 
In contrast to the direct role of N, the effect of P on leaf NR activity (Table 
30, Fig.5) seemed to be indirect. It affects the phosphorylation and diversion of 
simple sugars towards respiration as a result of which release of photosynthates 
from chloroplast and their oxidation subsequently produces more reducing power 
for NO3 reduction (Kow et al, 1982).In general, the effect of FA10P30 on yield 
characteristics was significantly higher (Tables 37-39) and together with waste 
water was equally effective. It needs to be pointed out that P is often limiting 
nutrient due to its low availability in comparison to K which is not easily recycled 
from organic residue. Hence, the resuh was due to the ameliorating role played 
both by applied P and that present in waste water and fly ash. The application of P 
increased the seed yield and the protein content (Tables 38, Fig.6 & 39) due to its 
assured availability and continuous utilization by carbon skeletons for amino acid 
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two factors are limiting or nearly limiting, adding only one of them will have little 
effect while adding both together will have considerable effect. In this context 
mention may be made of the work conducted by Bouldin and Sample (1958, 
1959) who observed that such a positive interaction was also due to increased 
solubility of P because of close association of the two fertilizers applied as sources 
of N and P. Reports are also available where P has been found to increase N 
concentration in some tropical legumes (Andrews and Robbins, 1969). 
To conclude the addition of P (P30) in combination with other inputs (FAio 
and WW) significantly increased growth (Tables 22-29), yield (Tables 37-39) and 
quality in terms of protein content (Table 39). These findings thus provide 
positive conclusion with regard to objective of the present study. Thus for 
cultivation of Vigna radiata, basal application of 10 kg fly ash, 20 kg N ha'' and 
30 kg P ha"' may be recommended for waste water irrigation. 
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APPENDIX 
The reagents and chemicals used in various determinations were prepared 
according to the following methods. 
(A) Reagents for plant analysis 
1. Nitrate reductase activity (NRA) 
(i) O.I M Phosphate buffer (7.4pH) 
27.2 gm of KH2P04and 45.63 gm of K2HPO4.7H2O were dissolved separately 
in 1000 cm^ of DDW. The above solutions of KH2PO4 and K2HPO4.7H2O were 
mixed in the ratio of 16:84. 
(ii) Isopropanol (5%) 
5 cm^ of isopropanol was pipette into sufficient DDW and final volume was 
made upto 100 cm ,^ using DDW. 
(iii) 0.2 M KNO3 
20.2 gm of KNO3 was dissolved in sufficient DDW and final volume was 
made upto 1000 cm ,^ using DDW. 
(iv) 1% Suphanilamide 
1 gm of sulphanilamide was dissolved in 100 cm^ of 3N HCl. 3N HCl was 
prepared by dissolving 25.86 cm^ of HCl in sufficient DDW and final volume was 
maintained to 100 cm ,^ by using DDW. 
(v) 0.02% N-1 naphtfayl-ethylene-diamine dihydrochloride (NED-HCI) 
20 mg of NED-HCI was dissolved in sufficient DDW and final volume was 
made upto 100 cm^ by using DDW. 
2. Chlorophyll Estimation 
80% acetone was prepared by mixing 80 cm of acetone with 20 cm of 
DDW. 
3. Estimation of Nitrogen, Phosphorous and Potassium 
(i) 2.5 N Sodium hydroxide 
10 gm of sodium hydroxide was dissolved in 100 ml distilled water. 
(ii) 10% Sodium silicate reagent 
10 gm of sodium silicate was dissolved in 100 ml of distilled water. 
(iii) Nessler's reagent 
3.5 gm of potassium iodide was dissolved in 100 ml DDW in which 4% 
mercuric chloride was added with stirring until a slide red precipitate remains, then 
120g NaOH was mixed with 250ml DDW and volume was made upto 1000ml with 
DDW. The mixture was kept in an amber coloured bottle. 
(iv) Molybdic acid reagent (2.5) 
6.25 gm of ammonium molybdate will be dissolved in 175 ml double distilled 
water, to which 75 ml of 10 N sulphuric acid will be added, 
(v) l-amino-2-naphthoI-4-sulphonic acid 
0.5 gm of l-amino-2-naphthol-4-sulphonic acid will be added in 195 ml of 15% 
sodium bisulphate solution to which 5 ml of 20% sodium sulphate solution will be 
added.The solution will be kept in amber coloured bottle. 
(vi) 10 N Sulphuric acid 
Enough double distilled water was added to 25.25 ml of H2SO4 to make its 
volume upto 100 ml. 
(vii) 15% Sodium bisulphate solution 
15 gm of sodium bisulphate solution was dissolved in 100 ml of double distilled 
water. 
(viii) 20% Sodium sulphate solution 
20 gm of sodium sulphate was dissolved in 100ml of DDW. 
4. Protein estimation 
(i) 5% trichloacetic acid (TCA) 
5 cm^of TCA was mixed with 95 cm^ of DDW. 
(ii) IN sodium hydroxide 
40 g of NaOH was dissolved in sufficient DDW and final volume was 
made upto 1000 cm^ by using DDW. 
(iii) Reagent A 
2% sodium carbonate (2 g dissolved in 100 cm^ DDW)and 0.1 N NaOH (4 g 
NaOH dissolved in 1000 cm^) were mixed in the ratio 1:1. 
(iv) Reagent B 
0.5% copper sulphate (0.5 g CUSO4 dissolved in 100 cm^) and 1% sodium 
tartarate (1 g sodium tartarate dissolved in 100 cm^ DDW) were mixed in the ratio 
1:1. 
(v) Reagent C 
50 cm^ of reagent A was mixed with 1 cm^ of reagent B. 
(vi) Reagent D 
Same as reagent C, except for omission of sodium hydroxide. 
(vii) Folin's phenol reagent 
100 g sodium tungstate + 25 g sodium molybdate dissolved in 100 ml DDW 
in reagent C. 50 ml of 55% phosphoric acid and 100 ml cone. HCl will be mixed. 
Ill 
